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Sugars.
The r e s id u a l  m ineral m a tter ,  a f t e r  in c in e r a t in g  
th e  su gar , m o lasses  or syrup .
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s o lu t io n s  o f  pure su cr o se  and in  t h i s  c a se  reads  
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th e  sugar in d u s tr y  fo r  "per c e n t ,  s o l i d s " .
The se p a r a t io n  o f  sugar c r y s t a l s  from th e  mother 
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or sy ru p s . Sucrose x  100 •  P u r i ty .
D .S .
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M ixtures o f  d ex tro se  and l e v u lo s e  i n  any propor­
t i o n s :  u s u a l ly  c a l c u l a t e d }and r e fe r r e d  t o ,  as  
In v er t  Sugar.
R efraotom eter  B r ix . Per e e n t .  s o l i d s  found  by ta k in g  th e  
r e f r a c t i v e  in d ex  o f  th e  su gar  product  
and by r e fe r e n c e  to  a p p ro p r ia te  t a b le s  
c o n v e r t in g  to  per  c e n t ,  su g a r .
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IBTRODUCTIOff
M olasses i s  a by -p rod yet  o f  Sugar F a c t o r ie s  and 
R e f in e r i e s .  In some su gar-p rod u cin g  c o u n tr ie s  where i t s  
d is p o s a l  i s  a m atter o f  g r e a t  d i f f i c u l t y ,  i t  i s  l i t e r a l l y  
a w aste  p rod u ct .  Where d i s t i l l e r i e s ,  however, are  in  
c l o s e  p rox im ity  to the  f a c t o r y ,  o r  where f a c i l i t i e s  f o r  
cheap tra n sp o r t  to  m anufacturing c e n tr e s  are a v a i la b l e ,  i t  
i s  a m a ter ia l  o f  c o n s id e r a b le  v a lu e .  M olasses i s  the  main 
sou rce  o f  in d u s t r ia l  a l c o h o l ,  and i t  i s  a l s o  used e x t e n s i v e l y  
in  the  p rep a ra tio n  o f  c a t t l e  fo o d s .
The w eight o f  m olasses  o b ta in ed  as a r e s u l t  o f  the  
manufacture o f  sugar from cane i s  about 24 per c e n t ,  o f  th a t  
o f  the  sugar produced: in  b e e t  sugar m anufacture, the  
corresponding q u a n t ity  i s  about 20 per c e n t .
On the b a s i s  o f  a world prod u ction  in  1934 o f  16 m i l l i o n  
tons o f  cane sugar and about 9 m i l l i o n  to n s  o f  b e e t  su gar ,  
th e  t o t a l  q u a n t ity  o f  m olasses  a v a i la b l e  fo r  i n d u s t r i a l  
purposes i s  in  the r eg io n  o f  5^  m i l l i o n  to n s  per annum.
The m olasses  r e p r e se n ts  a l o s s  o f  su cr o se  s u s ta in e d  
in  c o n c en tr a t in g  the  j u i c e ,  whether i t  be cane or b e e t ,  to  
the  f i n i s h e d  c r y s t a l l i n e  product, and th e r e fo r e  i t  i s  
e s s e n t i a l  in  order to  draw up the  f a c t o r y  ba lan ce  s h e e t ,
2 .
or "Sucrose Recovery and Loss Account", to  know the  e x a ct  
amounts p r e sen t  o f  c e r t a i n  o f  i t s  c o n s t i t u e n t s #  I f  th e  
m o la sse s  i s  to  "be s o ld ,  or purchased , fo r  m anufacturing  
purposes a t  a p r ic e  based  on a n a l y t i c a l  t e s t s ,  th e s e  t e s t s  
become o f  paramount im portance.
Ho standard  methods fo r  the  a n a l y s i s  o f  m o lasses  have 
been u n iv e r s a l ly  adopted as y e t .  The d e term in a tio n  o f  the  
water co n ten t  in  p a r t i c u la r ,  i s  a problem th a t  rem ains u n so lv e d .
At the 1933 Conference o f  the  I n te r n a t io n a l  Commission fo r  
Uniform Methods o f  Sugar A n a ly s i s ,  M olasses was one o f  the  
s u b je c t s  under d i s c u s s io n ,  and the  T est in g  o f  M olasses i s  to  
be on the Agenda as s u b je c t  ITumber 10 a t  the  n ex t  I n t e r n a t io n a l  
M eeting to  be he ld  in  London in  August 1936 .
The author has been i n t e r e s t e d  in  t h i s  q u e s t io n  f o r  some 
c o n s id e r a b le  t im e , and i t  i s  hoped th a t  h i s  i n v e s t i g a t i o n s  w i l l  
a s s i s t  the d e l ib e r a t io n s  o f  th e  Commission, o f  whose B r i t i s h  
H ation a l Committee he i s  a member.
3.
The term M olasses as used in  t h i s  work r e f e r s  to  
"Exhausted" or "Final" M o la sses ,  which may he d e sc r ib ed  
i n  g e n e ra l  terms as th e  e f f l u e n t  from the c e n t r i f u g a l  
machines during the  purging o f  the  lo w e st  grade sugars  
produced i n  the  f a c t o r y .
In  th e  cane sugar f a c t o r y  and in  the r e f in e r y ,  i t  i s  
the  mother l iq u o r  o f  the f i n a l  c r y s t a l l i z a t i o n ,  from which  
no fu r th e r  q u a n t ity  o f  sugar can he ob ta in ed  hy r e - b o i l in g *
I t  i s  an ex trem ely  -viscous m a te r ia l ,  a lm ost b lack  in  c o lo u r ,  
having a s p e c i f i c  g r a v i t y  o f  about 1*4*
G e e r l ig s  (Cane Sugar and i t s  M anufacture, 1920) d e f in e s  
Cane M olasses as f o l l o w s : -  "Ideal cane m o lasses  i s  a hydrated  
com bination between sugar and s a l t s  which cannot be broken up 
by d i s s o c i a t i o n  when in  a co n cen tra ted  s t a t e ,  and th e r e fo r e  
cannot y i e l d  su cro se  in  a c r y s t a l l i z e d  form*"
Yan den l in d e n  (Archief, 1916) c o n s id er ed  the  m a te r ia l  
from the  phase r u le  asp ect*  He had observed th a t  in  the  
p resen ce  o f  in v e r t  sugar, l e s s  su cro se  w a s -d is s o lv e d  by a 
d e f i n i t e  q u a n t ity  o f  water than was th e  ca se  when no in v e r t  
sugar was presen t*  He concluded th e r e fo r e  th a t  " id e a l  (can e)  
m olasses  i s  a sa tu r a te d  s o lu t io n  o f  su cro se  in  which the  
s o l u b i l i t y  o f  the su cro se  i s  in f lu e n c e d  by the p resen ce  o f  
in v e r t  sugar and o f  c e r t a in  non-sugars*"
Helderman (A r c h ie f ,1921) confirm s t h i s  v iew .
In "Cane Sugar Handbook, 1929” Spencer g iv e s  the
f o l lo w in g  d e t a i l e d  a n a l y s i s  o f  a L o u is ia n a  cane m o la S ses .
Per Cent. Per Cent.
W a ter . ............... 2 0 .0 0
Ash, 8 .0 0
S u gars ......................  6 2 .0 0  ^
N itrogenous bod ies . 3 .0 0   ^
(T o ta l N 0 .5 p e r  c e n t)
2 0 . 0 0
r  S i l i c a ,  S i0 2 ........................... 0 .5 0
P o ta sh , K„0.............................  3 .5 0
Lime, CaO..................................  1 .5 0
M agnesia, M g O .. .    0 .1 0
Phosphoric A c id ,P 2Gs-.• • • 0 .2 0
Su lphuric  A c id . S0A. . . . .  1 .6 0
C h lor in e , C l .........................   0 .4 0
S o d a ,iro n , e t c .  ,Naa0 ,P e JL05 
e t c ................................................ 0 .2 0
S u cro se   ...................... 3 2 .0 0
D e x tr o se ....................................  1 4 .0 0
L e v u lo se ...................................   1 6 .0 0
( A lbum inoids.............................  0 .3 0
Amids (as a s p a r a g in ) . . . .  0 .3 0
Amido A c id s(a s  a s p a r t i c )  1 .7 0
N i t r ic  A c id .............................  0 .15
Ammonia.....................................   0 .02
Xanthin b o d ie s ...................... 0 .3 0
Other n itro g en o u s  b o d ies  0 .2 3
S o lu b le  g u m s . . . . . .  2 .0 0  (X y la n ,A r a b a n ,P e c t in .e tc ) 2 .0 0
Pree a c i d s . . . . . . . .  2 .0 0
Combined a c i d s . . . .  3 .0 0
M e l a s s i n i c , G l u t i n i c , S ace -  
h a r i n i c  a c i d s , e t c .    5 .0 0
T o t a l .................... 100 .00 1 00 .0 0
O bviously  an e la b o r a te  a n a ly s i s  such as th e  above would 
be beyond the  scope o f  any in d u s tr ia l  sugar la b o r a to r y ,  and 
from the p o in t  o f  v iew  o f  both the manufacturer and th e  
purchaser p rov id es  a g r e a t  deal o f  in form ation  which might be
5 .
o f  no p r a c t i c a l  v a lu e .  Only  the fo l lo w in g  item s a re  o f  
commercial i n t e r e s t : -  Water, S u crose , P o la r iz a t io n ,  Seducing  
Sugars and A sh . These c o n s t i t u e n t s  vary  c o n s id e r a b ly ,  
a cco rd in g  to  the lo c u s  o f  produ ction  and th e  method o f  
c l a r i f i c a t i o n  adopted in  r e s p e c t  o f  th e  cane j u i c e  e x tr a c te d  
by the m i l l i n g  p la n t .
" .1 y
G ee r l ig s  (Cane Sugar} makes the fo l lo w in g  g e n e ra l  
s ta tem en t as regards th e  com p osit ion  o f  m o la s s e s : -  ”The 
t o t a l  amount o f  sugars i . e .  su c r o se ,  d ex tro se  and l e v u lo s e  
i s  about 55 per cent.^ the r e l a t i v e  p ro p o rtio n s  depending on 
the  r a t io  o f  reducing  sugars to  ash; water i s  about 20 per c e n t .
n
and ash about 9 per c e n t .  The reducing  sugars vary  between  
such wide l i m i t s  as 12 and 30 per c e n t .
The water c o n ten t  depends l a r g e ly  on the amount o f  w ater  
used in  washing the c r y s t a l s  during "curing” ; the red ucin g  
sugars depend on the o r ig in a l  p u r ity  o f  the cane j u ic e  and o f  
the  amount o f  in v e r s io n  ta k in g  p la c e  during the m anufacturing  
o p e r a t io n s ,  w h ile  the  ash i s  d er ived  from the c l a r i f y i n g  agen ts  
and from s a l i n e  m a te r ia ls  which are o r i g i n a l l y  p r e sen t  in  the  
j u ic e  but which have not been removed during c l a r i f i c a t i o n  
because th ey  form s o lu b le  s a l t s  as a r e s u l t  o f  th e  a c t io n  o f  
th e  c l a r i f y i n g  a g e n t s .
Peerr (Cane Su gar ,1920) g iv e s  th e se  l i m i t s  f o r  the  




Sucrose  2 5 -4 0
Reducing su g ars  5 -3 0
Ash 7-15
Gums 3 -  5
Organic Hon sugars 1 0 -2 0 .
B eet M olasses d i f f e r s  c o n s id e r a b ly  from cane m olasses
both in  i t s  com p osit ion  and in  th e  f a c t  th a t  i t  i s  not
"Exhausted” in  r e s p e c t  o f  i t s  co n ten t  o f  c r y s t a l l i z a b l e  s u c r o s e .
Further c r y s t a l s  o f  sugar may s t i l l  be o b ta in ed  from i t  by
chem ical methods, or by d i lu t io n  fo l lo w e d  by d i a l y s i s  and
r e -p o n c e n tr a t io n .  The su crose  con ten t  i s  h igh , g e n e r a l ly  about
50 per c e n t . ;  reducing  sugars are p r e sen t  o n ly  in  t r a c e s ,  w h ile
th e  s a l in e  c o n te n ts  are h igher  than in  cane m olasses*  The
absence o f  red ucin g  sugars i s  s i g n i f i c a n t ,  and t h i s  i s  one o f
the  reasons why b e e t  m olasses  p r e se n ts  a somewhat d i f f e r e n t
a n a ly t i c a l  problem.
The fo l lo w in g  i s  a d e t a i le d  a n a ly s is  o f  a t y p i c a l  b ee t
M o la s se s : -  ("Sugar” Montgomery, 1927)
Sucrose 4 6 .5 0
Reducing sugars 0 .03
Water 20 .34
Other organic  m atter 19 .56  
M ineral Ash 1 3 .5 7 — --------------
1 0 0 . 0 0
SiOg 0 .074








KaS0^ 1 .5 3 3
4 .8 6 4
13 .579
7 .
A m a t e r i a l  o f  su c h  c o m p le x i ty  and  su c h  v a r i a b i l i t y  i n  
c o m p o s i t io n  a s  m olass@ s9 c o n t a i n i n g  a s  i t  does s u b s ta n c e s  
w h ich  r e a d i l y  undergo  d e c o m p o s i t io n ,  i s  bound t o  p r e s e n t  
s e r i o u s  d i f f i c u l t i e s  i n  a n a l y s i s *  The n e c e s s i t y  f o r
s t a n d a r d i s i n g  t h e  methods o f  t e s t i n g  has lo n g  been  r e c o g n i s e d  
and  t h e  v a r i o u s  Sugar T e c h n o lo g i s t s 1 A s s o c ia t io n s  th r o u g h o u t  
t h e  w o r ld  have recommended c e r t a i n  methods w hich  u n f o r t u n a t e l y  
have n o t  y e t  been  u n i v e r s a l l y  adopted*
I n  t h e  cane  su g a r  i n d u s t r y ,  t h e  methods o f  a n a l y s i s  
recommended by  t h e  A s s o c ia t io n  o f  A m erican O f f i c i a l  A g r i c u l t -  
u r a l  C h em is ts ,  t h e  H aw aiian  Sugar P l a n t e r s  A s s o c i a t i o n ,  th e  
Cuban m a n u fa c tu re r s  and  th e  Jav a  [Experim ental S t a t i o n  a r e  
s t a n d a r d  f o r  t h e i r  r e s p e c t i v e  c o u n t r i e s  and th e y  d i f f e r  o n ly  
s l i g h t l y  i n  d e t a i l *  The c h i e f  m ethods i n  u se  a r e  exam ined 
i n  t h i s  work and  com pared . The m a t e r i a l s  u se d  w ere m o la s se s  
from  cane s u g a r  f a c t o r i e s  in  B r i t i s h  West I n d i e s ,  Cuba, E g y p t,  
Hawaii, , J a v a ,  U a t a l ,  e t c . ,  and  froip b e e t  s u g a r  f a c t o r i e s  and  
r e f i n e r i e s  i n  t h i s  co u n try *
8 .
The exam ination  o f  m o lasses  fo r  commercial purposed  
i s  e f f e c t e d  under th e s e  headings
1* Water, or c o n v e r se ly  T ota l Dry M atter i * e * (1 0 0 -w ater per
c ent*) •
2 .  Sucrose
3* Reducing s u g a r s ,c a lc u la t e d  as I n v e r t .
4* Ash.
The methods o f  e s t im a t io n  o f  item s 1 , 3 and 4 are  s tu d ie d  
in  t h i s  work* The d eterm in ation  o f  the  su cro se  c o n ten t  a lre a d y  
has “been e x h a u s t iv e ly  t r e a te d  by a la r g e  number o f  workers 
in  a l l  p a r ts  o f  th e  world*
P A S T  I .
9.
PART I .
E st im a t io n  o f  Water,
The u su a l i n d u s t r i a l  methods a r e : -
1 .  B r ix  hydrometer, a f t e r  d i l u t i o n .
2 .  Drying on sand, or on pumice, in  steam oven .
3 .  " " T " vacuum oven.
4 .  D i s t i l l a t i o n  w ith  im m isc ib le  l i q u i d s .
5 .  R e fra e to m eter .
Ho. 1 i s  a f a c to r y  method, u s e f u l  fo r  r o u t in e  work, hut 
o f  d ou b tfu l v a lu e  o th e r w is e .  S in ce  the  B r ix  sp in d le  i s  
graduated in  degrees su gar , and i s  c a l ib r a t e d  in  s o lu t io n s  o f  
pure s u c r o s e ,  i t s  accuracy depends on the absence o f  s o lu b le  
c o n s t i t u e n t s  o th er  than su cro se  from the s o l u t i o n  under 
exam in ation . Im p u r it ie s  are p r e sen t  in  c o n s id e r a b le  amounts 
i n  the  m olasses  and as t h e ir  s p e c i f i c  g r a v i t i e s  d i f f e r  from 
th a t  o f  s u c r o s e ,  the  error from t h i s  sou rce  i s  a p p r e c ia b le .  
Moreover, the  high v i s c o s i t y  o f  m olasses  p reven ts  th e  use  
o f  the  s p in d le  u n le s s  the  m olasses  i s  s u i t a b ly  d i l u t e d .  
C on traction  in  volume r e s u l t a n t  upon d i l u t i o n  cau ses  a 
s e r io u s  error  which i s  m u l t ip l ie d ,  as shewn in  the  f o l lo w in g  
ta b le
Sample examined : Table T rea c le .
C on centration  Degrees B r ix  Degrees B r ix  c a lc u ­
l a t e d  back to  
u n d ilu te d  m a te r ia l
50 per c e n t .  4 3 .2  8 6 .4
25 » n 22 .8  9 1 .2
12 .5"  " 12 .1  9 6 .8
6 .2 5 ” " 6 .1  9 7 .6
10.
This method i s  a t  b e s t  an approxim ation, and w h i le  i t  i s  
rap id  and g iv e s  a sp eedy  in d ic a t io n  o f  w ater co n ten t  
s u f f i c i e n t l y  r e l i a b l e  fo r  f a c t o r y  pu rp oses , i t  i s  o f  l i t t l e  
use from th e  a n a l y t i c a l  p o in t  o f  view#
Methods Nos. 2 and 3 are in  g en era l  use# The samples  
are prepared in  the  same way fo r  both  steam and vacuum ovens#  
In order to  p r e se n t  the  l a r g e s t  p o s s ib l e  drying s u r fa c e ,  
e i t h e r  broken pumice or f i n e  sand i s  u sed . The former i s  
seldom found in  commercial sugar la b o r a t o r ie s  e s p e c i a l l y  in  
t r o p ic a l  f a c t o r i e s ,  and a pure sand which i s  g e n e r a l ly  r e a d i ly  
o b ta in ab le  p ro v id es  a more s u i t a b le  m a te r ia l ,  which i s  more 
e a s i l y  m anipulated .
The s ta n d a r d  m ethods f o r  d ry in g  on sa n d  a r e  g iv e n  
b e low ;-
11.
Drying on Quartz Sand. A.O.A.C. O f f i c i a l  Method f o r
M o la sse s .
The sand sh ou ld  pass 4^0 mesh but he r e ta in e d  on 60 mesh* 
I t  i s  d ig e s t e d  w ith  H Cl^washed a c id  f r e e ,  d r ie d ,  i g n i t e d  
and s to r e d  in  a stop p ered  b o t t le #
25-30  gms. o f  sand are p la ced  in  a d ish  about 40mm.in 
depth x  55mm, in  diam eter and d r ied  in  the  steam b ath , to g e th e r  
w ith  a sh o r t  g l a s s  rod; a f t e r  b e in g  c o o le d  in  a d e s ic c a t o r ,  
the  covered  d ish  i s  weighed quickly#  Then s u f f i c i e n t  o f  the  
d ilu te d .s a m p le  M to y i e l d  1 gm. dry m atter i s  added and mixed 
thoroughly w ith  the  sand# The d ish  i s  heated on the sand  
bath fo r  15 -20  m inutes, the  m olasses b e in g  s t i r r e d  a t  2-m inute  
in t e r v a ls  u n t i l  i t  becomes too s t i f f #
I t  i s  then  d r ied  a t  70°C under a vacuum o f  n o t  l e s s  than  
60 cm# T r ia l  w e ig h in g s  are made a t  2 -h o u r - in t e r v a ls  towards 
the  end o f  the  drying p e r io d , u n t i l  change in  w eight does not  
exceed 2 mgms#
For m a te r ia ls  c o n ta in in g  no l e v u lo s e  or o ther  r e a d i ly  
decomposible su b s ta n c e ,  the  drying i s  done a t  the temperature  
o f  b o i l in g  w ater in  8 -10  hours# The d ish  i s  covered  in  
d e s ic c a to r  and weighed# The h eatin g  and w eighing are  
repeated  u n t i l  the l o s s  per hour does not exceed 2 mgms#
Loss o f  w eight i s  repoi'ted as m oisture#
*  The d i lu t e d  m a te r ia l  s h a l l  co n ta in  20-30  per cent# s o l i d  
matter*. *
12.
H .S .P .A . M ethod. " T o ta l  s o l i d s  a r e  d e te rm in e d  "by
o
d ry in g ,  p r e f e r a b l y  i n  a  vacuum oven a t  100 C. I f  a  vacuum 
oven i s  n o t  a v a i l a b l e  t h e  sam ples  may be d r i e d  i n  an  a i r  
b a th  a t  100* to  105 C.
T r e a t  c l e a n  s i l i c a  san d  o r  c o a r s e l y  g ro und  pum ice w i th  
h y d r o c h lo r i c  a c i d ,  wash w i th  d i s t i l l e d  w a te r  and  d r y .  P la c e
15 grams o f  san d  o r  h a l f  t h i s  w e ig h t  o f  pum ice w i th  a  s h o r t
i
p ie c e  o f  g l a s s  ro d  i n  a  7 c .m . c o v e re d  aluminum d r y in g  d i s h .
o
Dry a t  150 G. and  c o o l  in  a  d e s s c c a t o r .  Weigh th e  c o v e re d  
d i s h ,  add a p p ro x im a te ly  10 grams o f  j u i c e  o r  2 to  3 grams o f  
m o la s s e s ,  r e p l a c e  c o v er  and  w e igh . Mix t h e  sam ple  th o ro u g h ly  
w i th  th e  sand  o r  pumice u s in g  1 o r  2 m l. o f  h o t  w a te r  i f  
n e c e s s a r y .  Dry u n t i l  t h e  m ix tu re  i s  i n  a  f r i a b l e  c o n d i t i o n ,  
s t i r  w i th  th e  g l a s s  ro d  do t h a t  th e  maximum d ry in g  s u r f a c e  
i s  exposed , d ry  f o r  5 h o u r s ,  r e p l a c e  th e  c o v e r ,  c o o l  i n  a  
d e s i c c a t o r  and w e ig h .  T em pera tu re  and  d r y in g  t im e  have  been  
s p e c i f i e d  r a t h e r  th a n  d ry in g  to  c o n s t a n t  w e ig h t  b e c a u se  
sam ples c o n t in u e  to  l o s e  w e ig h t  on p ro lo n g e d  h e a t in g  due  to  
th e  d e s t r u c t i o n  o f  o rg a n ic  m a t t e r  a t  h ig h  t e m p e r a t u r e s . "
Drying upon Quartz Sand. ( B u l l #107, U .S . Bureau o f  Chem.f p . 64).
"In a f l a t - b o t t o m  d ish  p la c e  6 to  7 gms. o f  pure quartz  
sand and a sh o r t  s t i r r i n g  ro d . Dry thorough ly , c o o l  i n  a 
d e s ic c a t o r ,  and w eigh . Then add 3 or 4 gms. o f  the m o la sse s ,  
mix w ith  th e  sand, and dry a t  the  tem perature o f  b o i l i n g  w ater  
fo r  from 8 to  10 hou rs. S t i r  a t  in t e r v a l s  o f  an hour, then  
c o o l  in  a d e s ic c a t o r ,  and w eigh . S t i r ,  heat aga in  in  th e  water  
oven fo r  an hour, c o o l ,  and w eigh . Repeat h ea t in g  and w eighing  
u n t i l  l o s s  o f  water in  one hour i s  not g r e a te r  than 3 mgs.
"Before u s in g ,  d ig e s t  the  pure quartz sand w ith  s tr o n g  
h yd roch lor ic  a c id ,  wash, dry, i g n i t e ,  and keep in  a stop pered  
b o t t l e " .
 ^In  order to  preven t th e  o c c lu s io n  or r e t e n t io n  o f  water in
o ©
the  d r ied  r e s id u e ,  an hour o f  drying a t  105 to  110 C. i s  
a d v isa b le  as under th e  d eterm ination  o f  m oisture  i n  su g ar .
14.
A l l  t h e s e  m ethods a r e  open to  c r i t i c i s m #
I n  th e  A .O .A .C . m ethod th e  end o f  th e  d ry in g  p e r i o d  i s  
m en tio n ed , y e t  t h i s  p e r i o d  i s  n o t  d e f i n e d .  A d d i t i o n a l  2 -h o u r  
i n t e r v a l s  to  t h i s  p e r i o d ,  w h a tev e r  i t  m igh t h e ,  m igh t e x te n d  
th e  d u r a t i o n  o f  t h e  e s t i m a t i o n  beyond th e  norm al w ork ing  day 
in  any o r d i n a r y  l a b o r a to r y #  The 8 -1 0  hour p e r i o d  f o r  th e  
s team  oven m ethod  p l u s  h o u r ly  r e h e a t i n g s  and r e - w e ig h in g s  
a ls o  i s  i m p r a c t i c a b l e ,  and  as  w i l l  be s e e n  l a t e r  does n o t  
l e a d  to  th e  d e s i r e d  c o n s ta n c y  o f  w eigh t#
The H .S.P.A# a t  l e a s t  f i x e s  a t im e  w e l l  W ith in  t h e
e
l i m i t s  o f  t h e  u s u a l  " s h i f t " ,  b u t  vacuum a t  100 0 and a i r  
b a th  a t  100-105 C g iv e  t o t a l l y  d i f f e r e n t  r e s u l t s #  W eighing 
th e  m o la sses  i n t o  th e  d i s h  i s  n o t  to  be recommended# I t  
sh o u ld  be added  from  th e  w e ig h ing  b o t t l e  and th e  w e ig h t  
fo u n d  by d i f f e r e n c e #
U. S.Buread m etho d . M ixing v i s c o u s  m o la sses  o f  80-85  Bx.
oftw ith  sand  i s  an e x tre m e ly  d i f f e r e n t  m a t t e r :  even warming i t  
does n o t  make i t  s u f f i c i e n t l y  f l u i d  f o r  m ix in g .  I t  must be  
d i l u t e d  and as w i l l  be s e e n  l a t e r  t h i s  d i l u t i o n  does n o t  
p ro lo n g  th e  d u r a t i o n  o f  d r y in g .
The same o b j e c t i o n  h o ld s  h e re  as  i n  th e  A.O.A.C. m ethod 
as  r e g a rd s  th e  d u r a t i o n  o f  th e  dry ing#
The a d v ic e  to  s t i r  a t  h o u r ly  i n t e r v a l s  can n o t  be 
c a r r i e d  o u t  a s  th e  m o la sses  soon s e t s  a s  s o l i d  a s  c o n c re te #
The m ethods a d o p te d  by th e  a u th o r  were a s  f o l lo w s  
Steam ov en . The sa n d  was p r e p a re d  a c c o rd in g  to  th e  
f o r e g o in g  d i r e c t i o n s ;  a b o u t  10 gms. were u sed  wach t im e  and 
s p r e a d  o v e r  th e  bo tto m  o f  th e  d i s h  o f  a b o u t  60mm. diam . The 
m o la sses  sam ple  was k e p t  i n  a  w e igh ing  b o t t l e  w i th  g round  
s to p p e r  f i t t i n g  on t h e  o u t s id e #  A sm a l l  spoon f o r  rem oving 
th e  d e s i r e d  q u a n t i t y  was k e p t  w i t h i n  th e  b o t t l e #  The m a t e r i a l  
b e in g  e x tre m e ly  h y g ro s c o p ic ,  th e  w e ig h t  o f  i t  ta k e n  f o r  each  
e s t im a t io n  was fo u n d  by  d i f f e r e n c e  a f t e r  rem oval o f  t h e  
n e c e s s a ry  amount from  th e  w e ig h in g  b o t t l e .  The d ry in g  d i s h e s  
c o n ta in in g  th e  10 gms, o f  san d  were weighed c o v e re d ,  t o g e t h e r  
w i th  a sm a ll  g l a s s  ro d ,  and  a f t e r  th e  sam ple  had been  added ,
2-3  cc# w a te r  w ere u sed  to  d i l u t e  i t  to  e n a b le  i t  to  be  
th o ro u g h ly  m ixed w i th  th e  sand# The d ish  was th e n  p la c e d  i n  
th e  steam  b a th  and d r i e d  f o r  s t a t e d  p e r i o d s .
When th e  vacuum oven method was u sed  th e  sam ple was 
p r e p a r e d  i n  th e  same way# The oven was o f  th e  o r d in a r y  ty p e ,  
b u t  a  t i n y  h o le  was p i e r c e d  i n  th e  door, so t h a t  a  c u r r e n t  o f  
a i r  c o u ld  be drawn th ro u g h  d u r in g  th e  dry ing# I t  was consider*  
u n n e c e ssa ry  to  go to  th e  e l a b o r a t e  p r e c a u t io n  o f  d ry in g  t h i s  
c u r r e n t  o f  a i r  a s  has been  recommended by some s u g a r  ch em is ts#  
The vacuum was m a in ta in e d  by a d ry  a i r  pump# The d i f f i c u l t y
o
o f  k e e p in g  th e  t e m p e ra tu re  o f  th e  oven c o n s t a n t  a t  70 C was 
f i n a l l y  overcome by f i x i n g  an e l e c t r i c  e lem ent to  th e  bo tto m  
o f  th e  oven j a c k e t^  and c o n t r o l l i n g  th e  te m p e ra tu re  by means o f
16
a s l i d i n g  r e s i s t a n c e *  When w ater was used in  th e  j a c k e t ,  t h i s  
was a s im ple  matter* During d ry in g , i t  was im p era tiv e  th a t  
the  vacuum was k ep t  a l i t t l e  "below 45 cm* f o r  th e  f i r s t  hour, 
oth erw ise  v i o l e n t  sp u r t in g  occurred  which ru ined  th e  experiment*  
A fter  one h ou r's  h e a t in g ,  the vacuum was in c r e a se d  to  60 cm. a t  
which i t  was m ainta ined  fo r  the  remainder o f  the drying period*  
I t  might be m entioned here th a t  the  c h o ic e  o f  drying  
d ish es  was a somewhat d i f f i c u l t  m a tter . A fte r  many t e s t s  a 
t i n  w ith  a c lo s e  f i t t i n g  c o v er ,  in  which a c e r t a in  brand o f  
tobacco i s  marketed, was e v e n tu a l ly  s e l e c t e d .  This was c le a n e d  
up and t e s t e d  by h a l f  f i l l i n g  w ith  w ater , c o v er in g  and shaking*  
I f  no drops o f  water were shaken o u t ,  the  t i n  was a ccep ted  as  
t ig h t*  I t  was proved l a t e r ,  however, th a t  t h i s  supposed  
t ig h t n e s s  was i n s u f f i c i e n t .  A c tu a l ly  m oisture  was absorbed  
by the extrem ely  hygroscop ic  d r ied  m olasses in  the covered  t i n  
w h ile  i t  was b e in g  w eighed, and even w h ile  i t  was in  the  
d e s ic c a to r .  Subsequently  a squat g l a s s  w eighing b o t t l e  w ith  
ground g la s s  stop p er  was used . This w i l l  be r e fe r r e d  to  l a t e r .
Before the drying o f  the  m olasses was begun, i t  was 
con sid ered  exp ed ien t  to  o b ta in  some d e f i n i t e  in form ation  as 
to  which o f  the  sugars p resen t  in  m olasses  was most l i a b l e  to  
decom position  under the  c o n d it io n s  employed. T ests  were 
th e r e fo r e  made on s o lu t io n s  o f  pure su c r o se ,  d ex tro se  and 
l e v u lo s e *
1 7 .
The s o lu t io n s  were made by w eigh ing  the  sugar in to  a 
dropping b o t t l e  w ith  ground t e a t - s t o p p e r ,  and by adding the  
water th e re to *  The s o lu t io n  was withdrawn by means o f  the  
t e a t  dropper, and dropped on to the sand in  the p r e v io u s ly  
weighed dish* The w e ig h t o f  l i q u i d  thus taken  was found  
from the d i f f e r e n c e  in  th e  w eight o f  dropping b o t t l e *  The 
d ish  was d r ied  fo r  th e  s p e c i f i e d  tim es in  the  oven, covered  
and c o o le d  in  the  d e s ic c a to r  fo r  t h i r t y  m inutes and weighed  
as r a p id ly  as p o s s i b l e .
The r e s u l t s  o f  th e se  t e s t s  are as f o l l o w s : -
18.
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From th e  fo r e g o in g  ta b le s  i t  w i l l  be n o ted  th a t  w ith  
su cro se  s o lu t io n s  co n sta n t w eight i s  o b ta in ed  in  6 hours in  
th e  steam oven and in  8 - 1 0  hours in  vacuo# Ho d ecom p osition  
on con tin u ed  h e a tin g  was observed# In th e  c a se  o f  d e x tr o s e ,  
drying by steam  appears to  be com plete in  6 - 8  hours, but 
p o s s ib ly  some s l i g h t  decom p osition  occu rs on fu r th e r  heatin g#  
I r r e g u la r ity  in  th e  w eigh in gs i s  n o t ic e a b le  and t h i s  i s  a 
common ex p er ien ce  when m oisture in  s o lu t io n s  o f  d ex tro se  i s  
b e in g  estim ated #  In th e  vacuum oven, however, d ry ing  i s  
com plete in  4 -6  hours# This confirm s th e  v iew  o f  R ice  
( J .I .S .G .  1933) th a t th e  w ater o f  c r y s t a l l i z a t i o n  o f  d ex tro se
o
i s  d r iven  o f f  under vacuum a t  70 C#
With regard  to  le v u lo s e  in  th e  steam  oven , a r e s u l t  i s  
o b ta in ed  in  4  hours which m ight in d ic a te  th a t  drying i s  
com plete w ith in  th a t  perio& , but fu r th e r  h ea tin g  produces 
d ecom p osition  which i s  p r o g r e ss iv e  during th e  w hole p er io d  o f  
treatm ent#  In  th e  vacuum oven, co n sta n t w eight is  ob ta in ed  
in  4  hou rs, and no decom position  occu rs on con tin u ed  h eating#  
Browne (Handbook, 1912) r e p o r ts  s im ila r ly  on th e  drying o f
s o lu t io n s  o f  honey in  vacuo#
The m ixture o f  s o lu t io n s  o f  d ex trose  and le v u lo s e  d r ied
c o m p le te ly  in  vacuo in  4 hours#
I t  would appear from t h i s , t h a t  the d e s tr u c t io n  o f  le v u lo  
i s  th e  cause o f  th e  h igh  r e s u l t s  fo r  w ater when syrups
c o n ta in in g  i t  are dried  by steam  a t ordinary pressu re#
2 9 .
Spencer (Handbook, 1929) makes a d e f in i t e  sta tem en t to  
t h i s  e f f e c t *
The im portant f a c t  em erging from th e se  p r e lim in a ry  
in v e s t ig a t io n s  i s  th a t  vacuum drying i s  e f f e c t i v e  w ith  
th e  th r ee  su gars commonly found in  m o la sse s , and th a t  th e  
p e r io d  n e c e ssa r y  fo r  com plete d ehyd ration  i s  from 4  to  6 
hours*
A l l  th e  t e s t s  were made in  d u p lic a te  so th a t fo r  each  
m a te r ia l th e  c o n d it io n s  were th e  same* I t  may be m entioned  
th a t  in  com m ercial la b o r a to r ie s ,  d u p lica te  a n a ly se s  o f  th e se  
m a te r ia ls  are n ot g e n e r a lly  made* I t  r e q u ir e s  c o n s id e r a b le  
s k i l l  in  m an ip u lation  and g r e a t a t t e n t io n  to  d e t a i l  to  g e t  
c o rr o b o r a tiv e  r e s u l t s ,  d e sp ite  th e  apparent s im p l ic i t y  o f  
th e  o p e r a tio n . (R eferen ce i s  made la t e r  to  "personal error")*  
When r e s u l t s  were o b ta in ed  th a t were not s u f f i c i e n t l y  c lo s e ,  
th e  t e s t  was rep ea ted  in  d u p lica te*  A ll  w eigh in gs o f  th e se  
p re lim in a ry  t e s t s  are g iv e n  in  d e ta il*  I t  i s  im portant to  
o b serve  th e  a c tu a l d if fe r e n c e  in  th e  w eigh t o f  th e  d is h ,  
w hich in d ic a te s  b e t t e r  than the c a lc u la te d  p e rcen ta g e , th e  
d i f f i c u l t y  o f  o b ta in in g  con stan cy  o f  w eigh t even w ith in  th e  
l im i t s  recommended in  the standard methods*
3$-
E f f e c t  o f  d i lu t in g  th e  M olasses on p er io d  n e c e ssa r y  fo r  d r y in g * 
To a s c e r t a in  i f  th e  a d d it io n  o f  d i lu t io n  w ater to  th e  
sam ples o f  m o la sses  in  order to  f a c i l i t a t e  m ixing w ith  th e  sand  
a f f e c t e d  th e  p e r io d  o f  d ry in g , t e s t s  were made w ith  dry m ixed  
and wet m ixed sam ples as shewn below  
R e fin er y  M o la sse s* (Steam o v e n ).
"Dry" t e s t .  "Wet" t e s t .




5 .6 9 8 4
I .
4 .2 1 9 8
I I .
5 .1 3 6 7
Per c e n t .P .S .a f t e r  5 his 
drying# 7 3 .14 73 .11 73 .59 7 3 .95
it t t  tt t i  9 tt 72 .85 72 .98 7 3 .0 0 72 .98
t t  ii tt  it ^2  n 72 .52 72 .35 72 .77 7 2 .7 3
Java Cane M o la sses . 
7D ry"test# "Wet" t e s t •
gms# o f  m o lasses tak en 2 .0820 2 .4139
Per cent#  s o l id s  a f t e r
4 i h r s . 8 1 .01 8 1 .1 4
it it tt g  n 8 0 .4 7 8 0 .4 7
it tt tt 9 if 8 0 .0 0 79 .98
The above t e s t s  prove c o n c lu s iv e ly  th a t  no p r o lo n g a tio n  
o f  th e  drying p er io d  i s  caused by th e  a d d it io n  o f  2 -3  c o .w a ter  
fo r  the purpose o f  ren d erin g  the m olasses more f lu id #
The exam in ation  o f  t y p ic a l  sam ples o f  m o la sses  was th en  
u n dertaken . R e fin e r y  m o la sse s , cane m o la sse s , g o ld en  syrup  
and b e e t  m o la sses  were examined in  d e t a i l .  The g o ld en  syrup  
was s e le c t e d  as r e p r e se n t in g  an a lm ost pure m ixture o f  su cro se  
and in v e r t  su g a rs , w ith  a sm a ll p ercen tage  o f  ash  (about 1  per  
c e n t . ) .  The l a t t e r  c o n s t i tu e n t  was co n sid er ed  to  be a 
f a c t o r  o f  some im portance. The b e e t  m o lasses was s e l e c t e d  
a s i t  c o n ta in e d  a mere tr a c e  o f  in v e r t  sugar and an a p p r e c ia b le  
amount o f  a sh . (9 -1 0  per c e n t . ) .
3 2 .
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An exam in ation  o f  the  weighings ta b u la te d  on pp. 32 - 
shews th a t  c o n sta n t  w eight was o b ta in ed  o n ly  i n  two cases*  
namely w ith  b e e t  m olasses a f t e r  EO hours drying  in  vacuo and
o
w ith  Java m olasses  i n  th e  same tim e a t  100 C a t  ord in ary  
pressu re#  In n e i t h e r  case  d id  the  d u p l ic a te  t e s t s  made a t  
the  same time a f fo r d  c o rr o b o r a tio n .
These were th e  on ly  two out o f  some 60 t e s t s  c a r r ie d  out  
by th e  author but not a l l  rep orted  here , i n  which co n sta n t  
w eigh t was o b ta in ed  a f t e r  prolonged d ry ing , and co n seq u en tly  
i t  cannot be accep ted  th a t  the  a tta inm en t o f  a c o n sta n t  w eight  
under th e  fo r e g o in g  c o n d it io n s  i s  a p r a c t ic a b le  p o s s i b i l i t y #
A gradual but p r o g r e ss iv e  decom position  i s  e v id en t  in  a l l  
th e  t e s t s  rep o rted  in  both  the steam and vacuum ovens, but to  
a g r e a te r  e x te n t  a t  the  temperature o f  the former#
This i s  somewhat remarkable in  the  case  o f  b e e t  m olasses#  
I t  co n ta in ed  no l e v u lo s e ,  which the p re lim in ary  drying t e s t s  
shewed to  be decomposed a t  100°C. though s t a b le  a t  70°in  vacuo, 
and co n seq u en tly  i t  would appear th a t  the u n s t a b i l i t y  o f  b e e t  
m olasses  a t  th e s e  tem peratures i s  due to  the  decom position  o f  
c e r ta in  s a l t s  p resen t  and not to  the d e s tr u c t io n  o f  sugar#
Spencer (Handbook) and o th ers  s t a t e  d e f i n i t e l y  th a t  the  
d e s tr u c t io n  o f  l e v u lo s e  i s  the cause o f  high r e s u l t s  f o r  water  
a t  100°C.
With r e f in e r y  m olasses and cane m olasses i n  which the  
reducing sugars are p resen t  to  a con sid era b le  e x te n t ,
decom p osition  would be exp ected  a t  100 but n o t  a t  70 C. In  
th e s e  c a s e s  a l s o ,  th e  decom position  cannot be a s c r ib e d  s o l e l y
o
to  the  l e v u l o s e ,  o th erw ise  the  drying in  vacuo a t  70 C. would  
have g iv e n  c o n sta n t  r e s u l t s *
S im i la r ly  w ith  Golden Syrup, f a i l u r e  to  .o b ta in  c o n sta n t
o
w eigh t a t  70 C. in  vacuo len d s  fu r th e r  support to  the  argument 
th a t  l e v u lo s e  i s  not the  cause o f  the p r o g r e s s iv e  decom position ,  
but i t  w i l l  be n o t ic e d  in  t h i s  c a se  th a t  the r a te  o f  the l o s s  
in  w e ig h t  i s  l e s s  than in  the  o th e r s ,  e s p e c i a l l y  when compared 
w ith  Java m olasses*  The ash from the Syrup was about 1 per cent*  
as a g a in s t  8 - 1 0  per c e n t ,  from the  m o la sse s ,  and t h i s  would  
in d ic a t e  t h a t  the  m ineral m atter con ten t  e x e r ts  a most im portant  
in f lu e n c e *
I t  must again  be emphasized th a t  s o lu t io n s  o f  su cro se  and 
m ixtures o f  s o lu t io n s  o f  d extrose  and l e v u lo s e  d r ied  out  
c o m p le te ly  in  the vacuum oven method* Golden syrup i s  a m ixture  
o f  th e se  th ree  sugars to g e th er  w ith  c e r t a in  s a l t s  which g iv e  
about 1  per c e n t ,  o f  ash  on in c in e r a t io n ,  and i t  must be in fe r r e d  
from t h i s  e i t h e r  th a t  the s a l t s  them selves decompose on h ea t in g  
a t  70^0. in  vacuo or th a t  t h e ir  a c t io n  on the reducing  sugars  
a t  t h i s  tem perature causes  the decomposition*
B eet m o la sse s ,  g iv in g  as i t  does about 10 per c e n t ,  o f  
ash , shews s im i la r  decom position , and appears to  provide fu r th e r  
proof th a t  t h i s  i s  due not to  the sugars but to  the  s a l t s *
Comparing th e  r e s u l t s  obta in ed  fo r  any one o f  the samples
"by the  two methods, i t  w i l l  he observed  th a t  th e r e  i s  a
o
c o n s id e r a b le  d i f f e r e n c e  between them. At 70 C. i n  vacuo, l e s s  
w ater , or more correctly^m ore r e s id u a l  "dry substance"  i s  
o b ta in ed  than w ith  drying a t  ord inary  p ressu re  a t  100 C.
The d i f f e r e n c e  a l s o  i s  l e s s  marked w ith  Golden syrup and 
b e e t  m olasses  than w ith  cane m o la sse s .
To f in d  out which method g iv e s  a r e s u l t  more c l o s e l y  
approxim ating the  a c tu a l  water co n ten t  o f  m olasses  i s  a problem  
o f  some d i f f i c u l t y .  Attem pts to  make up an " A r t i f i c ia l"  
m o la sse s  in  which the  amount o f  water p r e sen t  was known, were 
n ot v e ry  s u c c e s s f u l .  The sugars d id  not p resen t  the  g r e a t e s t  
o f  th e  d i f f i c u l t i e s ,  a lthough  to  prepare a s o l u t i o n  o f  them 
a t  70-80* B r ix  w ithou t ap p ly in g  h ea t ,  which might cause decompo­
s i t i o n ,  i s  not anf easy  m atter . Most o f  the s a l t s  mentioned  
on p g . ^  are  on ly  sp a r in g ly  s o lu b le ,  so th a t  i t  i s  im p o ss ib le  
to  o b ta in  a m ixture which could  be co n sid ered  analogous to  
the  complex n a tu r a l  product.
In the  case  o f  Golden Syrup, accord ing  to  de Whalley 
( I . S . J . , 1935) the  dry substance can be c a lc u la t e d  from the  
R efractom eter  B r ix  reading and a c o r r e c t io n  a p p l ie d  fo r  the  
in v e r t  sugar c o n te n t .  This c o r r e c t io n  i s  g iv e n  as 0 .0 2  fo r  
every  1 per c e n t ,  o f  in v e r t  sugar p r e s e n t .  In th e  c a se  
review ed , the R ef .  B r ix  was 8 2 .1 .  S ince  the  in v e r t  sugar  
p resen t  was found to  be 47 .76  per c e n t . ,  the  dry su bstance  i s  
8 3 .1 5 .  This a g rees  w ith  the  f ig u r e  found fo r  drying a t  100*0.
fo r  5 hours, and p o in ts  to  the f a c t  th a t  vacuum drying a t  70 C. 
does n o t  remove a l l  the  water o r i g i n a l l y  p r e s e n t ,  some b e in g  
r e ta in e d  by the s a l t s  a t  t h i s  tem perature.
In th e  ca se  o f  cane m olasses  the d i f f e r e n c e  between the  
two drying methods i s  g r e a t e r ,  but i t  i s  not p o s s ib l e  to  use  
the  knowledge o f  the  R e fr a c t iv e  B r ix  to  g e t  a t  a p o s s ib ly  tru e  
w ater c o n ten t  as in  the  former example. This i s  fu r th e r  
c o n s id e r e d  on p g . 1 3 4 .
N otes on th e  use o f  g l a s s  and m etal d ish e s  f o r  d r y in g .
During the  e a r ly  i n v e s t i g a t io n s  in  t h i s  work i t  was 
observed  t h a t ,  when t i n p l a t e  d ish e s  were used f o r  th e  drying  
t e s t s ,  th e  w e ig h t o f  the t i g h t l y  covered  d is h  w ith  the  d r ied  
m olasses  in c r e a se d  to  a s l i g h t  but s t i l l  a p p re c ia b le  e x te n t  
during th e  a c tu a l  p er io d  o f  w e ig h in g . F urther , when th e se  
d ish e s  were l e f t  o v ern ig h t in  a d e s ic c a to r  over ca lc ium  c h lo r id e  
or su lp h u r ic  ac id ,--an  in c r e a se  i n  w eight was found on re -w e ig h ­
in g  them ^before c o n tin u in g  the t e s t .
A c co r d in g ly ,  g la s s  w eighing  b o t t l e s ,  squat shaped, s i z e s  
50 mm. diam. x  30 mm. deep, and 60 mm. x  35 mm. were procured ,  
w ith  ground g l a s s  covers  f i t t i n g  o u ts id e  so as to  ensure  
a b so lu te  a i r t i g h t n e s s .  Weighings were made on an air-damped  
b a la n ce ,  on which the  w eigh ts  under 1  gm. c o u ld  be a p p lie d  by 
r id e r s  c o n t r o l l e d  from the o u ts id e  o f  the ba lan ce  c a s e .  This 
ensured rap id  w eigh ings and a minimum o f  d is tu rb an ce  during  
th e  o p e r a t io n .
D e sp ite  th e s e  p r e c a u tio n s ,  an in c r e a se  in  weight was 
observed  a f t e r  a f in i s h e d  sample had been l e f t  fo r  a p e r io d  over  
S i l i c a  g e l  i n  an evacuated d e s ic c a t o r ,  and then re-w eigh ed .
There was no p o s s i b i l i t y  o f  a lea k  in  the d ish  or in  the  
d e s ic c a to r ,  and a t t e n t io n  was th e r e fo r e  d ir e c te d  to  the  behaviour  
o f  g l a s s ,  t i n p l a t e ,  aluminium and n ic k e l  on b e in g  heated  and 
c o o le d .
The t e s t s  were made on empty d i s h e s ,  and the  r e s u l t s  are  
recorded below . The sequence o f  op era tio n s  w i l l  he fo l lo w e d  from  
the  w e ig h in g s ,  which are rep orted  in  c h r o n o lo g ic a l  order .
G lass d i s h e s ,  ( l )  50 x 30 mm. and ( I I )  60 x 35 mm.
W t,a f te r  h e a t in g  fo r  2 hours at 1 0 0 G
and c o o l in g  fo r  30 m inutes in  
d e s ic c a t o r
!t n l e a v in g  overn ight in  d e s i c c .
w " h e a t in g  fo r  30 mins. and c o o l ­
in g  fo r  30 m ins. in  d e s ic c r .
" M r e tu r n in g  to  d e s ic c a to r  fo r  











r e tu r n in g  to d e s ic c r .  fo r  fu r th e r  
60 m ins. 29 .0424 59.2608
These sep ara te  t e s t s  were ca rr ie d  out at d i f f e r e n t  
t im es o f  the  same day.
S im ila r  r e s u l t s  were obtained w ith  the va r io u s  m etal d i s h e s .
The in c r e a s e s  in  w eight could he due on ly  to  changes in  atmos­
ph er ic  c o n d it io n s  in  the  balance room. The importance of keeping  
s t r i c t l y  to  standard tim es fo r  c o o l in g  e t c .  and not d e la y in g  the
w eigh ing  o f  the  f in i s h e d  sample cannot be over-em phasised . One d ish  
(empty) was weighed q u ick ly  a f t e r  being cooled  in  a d e s ic c a t o r  fo r
t h i r t y  m inu tes, and was allow ed to  remain on the pan o f  the b a l-
ce fo r  a s im i la r  p er io d . An ih crea se  of 1 mgm. was observed , a f t e r
which the w eight remained co n sta n t .
6 0 .
A fte r  com p leting  a drying t e s t  on m olasses  in  a t i g h t l y  co ver ­
ed aluminium d is h ,  the  l a t t e r  was l e f t  on the pan o f  the  balance
and the  change in  w eight a t t h i r t y  minute i n t e r v a l s  was n o ted .
d r ied m olasses
gms.
31.5058
it " a f t e r 30 mins. 31 .5072
it it it 1 hour 31.5076
tt it M 31.5086
it it it 2 " 31.5093
it it it 4 i  ” 31 .5123
it it it 6* * 31.5184
The above w e igh in gs shew the gradual but co n s id er a b le  
in c r e a s e s ,  most o f  which can be due only  to  the ex trao rd in ary  
a v i d i t y  fo r  w ater d isp la y ed  by d r ied  m o la sse s .  A fte r  the t e s t ,  
the l i d  of the d is h  could  be removed only  w ith  some d i f f i c u l t y .  
Although not a c t u a l ly  a i r t i g h t ,  t h i s  d ish  was the  most c l o s e l y  
f i t t i n g  of a l l  th o se  used in  the whole s e r i e s  o f drying e x p e r i ­
m ents. When g l a s s  w eigh ing  d ish e s  were used , no such in c r e a s e s  
were observed .
The fo r e g o in g  t e s t s  c l e a r l y  demonstrate the  f a c t  th a t  s t r i c t  
adherence to  standard c o n d it io n s  tLs n ecessa ry , and th a t  a standard  
type o f  drying  d is h  must be used i f  r e s u l t s  are to  be obtained  
which are s t r i c t l y  com parative.
6 1 .
P erso n a l error  in  e s t im a t in g  m oisture  by d r y in g .
R eferen ce  has been made e a r l i e r  in  t h i s  s e c t i o n  o f  th e  
work, to  th e  need  fo r  c a r e fu l  m anipulation  in  the  a p p a ren tly  
sim ple  o p e r a t io n  o f  drying a weighed sample o f  th e  m a te r ia l  
under examination*
I t  i s  recorded  in  the I .S .J * ,  1913, th a t  samples o f  
m olasses  were s e n t  to  a number o f  eminent sugar t e c h n o lo g i s t s  
i n  Hawaii fo r  determ ination  o f  water conten t*
C onsiderab le  v a r ia t io n  in  r e s u l t s  was obtained* The 
maximum d i f f e r e n c e  by the steam oven method was over 3 per cent*  
and by the  vacuum oven method, over 1*6 per cent* The 
v a r ia t io n s  must be regarded more as an in d ic a t io n  o f  the  e f f e c t  
o f  s l i g h t l y  d i f f e r e n t  c o n d it io n s  during the e s t im a t io n ,  than  
as a r e f l e c t i o n  on the  s k i l l  o f  the a n a ly s ts*  TO dem onstrate  
t h i s  p erso n a l  e f f e c t ,  and to  shew how d i f f i c u l t  i t  i s  to  g e t  
"check” r e s u l t s  from d i f f e r e n t  o b ser v er s ,  a sample o f  m olasses  
was t e s t e d  by the  author and was then g iv e n  to  four other  
sugar c h e m is ts ,  who used e x a c t ly  the same procedure, th e  same 
v e s s e l  and th e  same oven* Their r e s u l t s  are g iv e n  b e lo w :-
Steam Oven Method* D.L. A. B* C* D.
wt* o f  m olasses  taken* 1*8426 1*8588 1*8319 1*7974 1*5983
D*S* a f t e r  5 hours* 84*87 84*98 85*35 85*18 84*72
" rr 9 it 84 .67  8 4 .7 3  84*72 84 .8 9  84*41
Yacuum Oven Method* D.L. A. B. C. D.
w t. o f  m o la sse s  taken* 1.7296 2 .7299 1 .5 1 9 3  1 .6 5 6 4 2*0639
3).3* a f t e r  5 hours* 86*50 87*89 86*42 86*04 •8 7 .3 4
it n 9 w 85*60 8 6 .7 3 8 6 .0 4 86*40
I t  w i l l  be observed  th a t  th e  v a r ia t io n s  are more pronounced  
in  the  vacuum oven method* The d i f f e r e n c e s  i n  w e ig h ts  o f  
sample taken do not account a l t o g e t h e r  fo r  the i r r e g u l a r i t i e s *
In a l l  th e  drying t e s t s  done in  the vacuum oven the  
agreement between the  d u p lic a te  was not so c lo s e  as was the  
c ase  w ith  th o se  d r ied  in  the steam oven* I t  i s  p o s s ib le  th a t  
the  p o s i t i o n  o f  th e  d ish es  in  the vacuum oven may have been th e  
cause o f  th e  d i f f e r e n c e ,  which was q u ite  marked*
In v iew  o f  th e  above o b s e r v a t io n s ,  i t  g iv e s  one s e r i o u s l y  
to  c o n s id e r  i f  th e  complete s ta n d a r d iz a t io n  o f  a method s u b je c t  
to  such f lu c t u a t io n s  i s  a t  a l l  p r a c t ic a b le *
Method Ho* 4* The e s t im a t io n  o f  w ater i n  m o lasses  "by 
d i s t i l l a t i o n  appears to  have been su g g es ted  o r i g i n a l l y  by  
Hoffman (Z^angew. Chem*,1902)* His proposa l was to  d i s t i l  the  
sample to  be t e s t e d  w ith  an organic  im m isc ib le  l i q u i d  and to  
c o l l e c t  the  d i s t i l l a t e  in  a c a l ib r a t e d  r e c e iv e r  a t ta c h e d  to  a 
condenser in  such a way th a t  the  condensed l i q u i d  was retu rn ed  
to  the d i s t i l l a t i o n  f l a s k ,  w h ile  the  volume o f  water c o l l e c t e d  
c o u ld  be read o f f  d i r e c t l y  and c a lc u la t e d  to  p ercen tage  o f  water  
p r e sen t  i n  the  o r ig in a l  m ater ia l*  l y l o l  was th e  l i q u i d  proposed,
7
but as i t s  B .P . i s  about 140 C. i t  caused ch arrin g  o f  the  r e s id u e .
C lacher, ( I . S . J . ,19 14 )  su g g es ted  the  use o f  ord inary  
kerosen e  as th e  d i s t i l l i n g  l i q u i d ,  but the  B .P . o f  the  m ixture
o
under treatm ent was about 170 C* and the r i s k s  o f  decom position  
o f  the  sugar product were con sid era b le*
Van der Linden (A r c h ie f ,  1917) s t a t e d  th a t  a lthou gh  th e  
problem o f  water e s t im a t io n  in  cane m olasses  was as then  u n so lv ed ,  
a l i k e l y  method appeared to  be d i s t i l l a t i o n  w ith  such l iq u i d s  
as benzene, to lu e n e ,  xy len e  and p a r a f f in  o i l *  Of a l l  th e s e  he 
recommended x y l o l  as g iv in g  the  b e s t  r e s u l t s .
L i t t l e  fu r th e r  was heard o f  such p rop osa ls  u n t i l  Dean 
and Stark p u b lish ed  t h e i r  method o f  e s t im a t in g  w ater in  c e r t a in  
su b stan ces  in c lu d in g  o i l ,  c o a l  and m olasses ,  by means o f  
d i s t i l l a t i o n  w ith  to luene*
In 1925, B id w ell  and S t e r l in g  f in d , and Eng. Chem.) gave
a d e t a i le d  account o f  a m o d if ic a t io n  o f  Dean and S ta r k ’s method*
Using a s p e c i a l  r e c e iv e r ,  d i f f e r i n g  on ly  i n  d e t a i l  from th e  
o r i g i n a l ,  w ith  to lu e n e  as th e  l i q u i d ,  th ey  o b ta in ed  (from a 
number o f  su b sta n ces  in c lu d in g  m olasses  and s im i la r  syru p s)  
r e s u l t s  which th ey  s t a t e d  c l o s e l y  agreed w ith  th e  oven method 
o f  drying  on sand*
The apparatus i s  shewn on page 6 ^, and has been s l i g h t l y  
m od if ied  by the author fo r  the  ensu ing in v e s t ig a t io n s *  The 
procedure a l s o  has been s l i g h t l y  a l t e r e d  and i s  as f o l lo w s
Between 10 and 15 gm. o f  m olasses  are q u ick ly  weighed in to  
th e  c o n ic a l  f l a s k ,  a f a i r l y  rough balance  s e n s i t i v e  to  0*005 gm. 
b e in g  q u ite  s u i t a b l e ,  75cc . o f  to lu e n e  are added and the  f l a s k  
connected  to  the  r e c e iv e r .  A fu r th e r  1 5 c c .  o f  to lu e n e  are  
added v i a  th e  condenser in  order to  f i l l  the  r e c e iv e r ,  and the  
f l a s k  i s  then  h eated  in  an o i l  bath  in  which the  tem perature  
can be c o n tr o l le d *
On com p letion  o f  the d i s t i l l a t i o n ,  the  condenser tube i s  
washed down w ith  a few  c c .  o f  to lu en e  and then  brushed down with  
a camel h a ir  brush dipped in  the  same l i q u i d ,  any t i n y  d r o p le ts  
o f  water adhering to  th e  r e c e iv in g  tube b e in g  d is lo d g ed  w ith  a 
copper wire*
B id w ell  and S t e r l in g  c la im  com pletion  g e n e r a l ly  w ith in  one 
hour "and a t  any r a te  w ith in  four hours"* The p resen t  a u th o r 's  
exp er ien ce  i s  th a t  w h ile  in  the f i r s t  hour about 90 per c e n t ,  o f  
th e  water p resen t  may be c o l l e c t e d  in  the r e c e iv e r ,  i t  i&akes
s e v e r a l  hours more to  o b ta in  the  remainder, as w i l l  be s e e n  from  
th e  ta b u la te d  r e s u l t s .  One g r e a t  d isadvantage o f  t h i s  method i s  
t h a t ,  s in c e  to lu e n e  i s  much l i g h t e r  than m o la sse s ,  i t  f l o a t s  on 
th e  su r fa c e  o f  th e  l a t t e r ,  which, as a r e s u l t ,  i s  l i a b l e  to  bake 
on the  bottom o f  the  f l a s k .  The use o f  the o i l  bath  p rev en ts  
t h i s  to  some e x t e n t ,  but charring  o f  the  r e s id u e  cannot w h o lly  be 
a vo id ed .
R ic e ( ln d .  and Eng. Chem., 1929) r ep o r ts  h is  d i f f i c u l t y  w ith  
t h i s  c h a r r in g , and he f i n a l l y  r e s o r te d  to  adding 2 - 1 0  gms. o f  
sodium o x a la te  per 15 gm. o f  m olasses  b e fo re  d i s t i l l i n g .  His 
o b je c t  a t  f i r s t  was to  p r e c ip i t a t e  any ca lc ium  c h lo r id e  which was 
p r e se n t  on the  m olasses  and which was thought to  be the  cause o f  
th e  c h a r r in g .
The a c t io n  o f  the  sodium o x a la te ,  however, must be m ainly  
p h y s ic a l .  Only a sm all q u an tity  o f  i t  would be n e c e ssa r y  to  
remove what ca lc ium  c h lo r id e  might be p resen t  in  m o la sse s .  R ice  
fu r th e r  d isco v e re d  th a t  k ie se lg u h r  had th e  same e f f e c t ,  namely 
th e  p r e v en tio n  o f  c h a rr in g .
During the fo l lo w in g  experiments w ith  to lu e n e  d i s t i l l a t i o n ,  
i t  was found th a t  not o n ly  was the a d d it io n  o f  k ie s e lg u h r  d e s ir a b le  
but indeed  a b s o lu t e ly  e s s e n t i a l .  An attem pt to  e s t im a te  the  
water co n ten t  o f  a pure su crose  s o lu t io n  was u n su c c e s s fu l  u n t i l  
a q u a n tity  o f  t h i s  m a ter ia l  was added. This f a c t  seems to  prove  
th a t  the a c t io n  o f  the  a x a la te  used by R ice  was p u re ly  p h y s ic a l ,
and c o n firm a tio n  i s  g iv e n  by the r e s u l t s  o b ta in ed  on s o l u t i o n s  o f  
su cr o se  c o n ta in in g  ca lc ium  c h lo r id e  and potass iu m  a c e t a t e  to  
which were added k ie s e lg u h r ,  sodium o x a la te  and magnesium o x id e  
as shewn on pp. ^ 2 ^ 7 6  The a c c e le r a t in g  a c t io n  o f  th e  k ie s e lg u h r  
i s  e v id e n t ,  as i s  a l s o  i t s  property  o f  p rev en tin g  decom position  
o f  the s o l u t i o n .  The f a c t  th a t  i t  i s  i n e r t  e l im in a t e s  any 
p o s s i b i l i t y  o f  chem ical e f f e c t .
The tem perature o f  the  o i l  bath  i s  im portant. This i s  
in d ic a t e d  i n  th e  f o l lo w in g  t e s t s  which were made in  the  f i r s t  
p la c e  w ith  s o lu t io n s  o f  known water co n ten t  b e fo r e  th e  method 
was t r i e d  on v a r io u s  ty p es  o f  m o la sse s .  The to lu e n e  used f o r  
the  d i s t i l l a t i o n  was the p u rest  o b ta in a b le ,  and b e fo re  use was 
t e s t e d  thorough ly  fo r  a c i d i t y .  In a d d it io n ,  a q u a n t ity  o f  i t  
was b o i l e d  under a r e f l u x  condenser w ith  d i s t i l l e d  w ater , and 
th e  water was a fterw ards t e s t e d  fo r  pH. Ho change was o b served .  
This i s  ex trem ely  s i g n i f i c a n t  in  v iew  o f  the  low pH. o f  th e  
d i s t i l l a t e  in  the  ease  o f  the  aqueous s o l u t i o n  o f  pure s u c r o s e .
The a c i d i t y  o f  the  water c o l l e c t e d  in  t h i s  and s im i la r  e x p e r i ­
ments was somewhat s u r p r is in g .
In  the fo l lo w in g  t e s t s ,  the read in gs were n ot regarded as  
c o n sta n t  u n t i l  th ree  s u c c e s s iv e  hourly  read in gs shewed no change.
When s e r io u s  charring  took p la ce  the experim ent was 
d isc o n tin u e d .
B id w ell and S t e r l i n g ' s  M oisture A pparatns* 
s l i g h t l y  m o d if ied *
Sample t e s t e d :  [ D i s t i l l i n g  l i q u i d :
Pure Sucrose  S o lu t io n i T oluene .
Sucrose 60©4 per c e n t .  
Water 39*6 " " j
Temp, o f  o i l  bath  
130*0.
*
| Weight t a k e n :  | 
( I )  1 0 .2 5  gms.j-f- 10 gins. tfa. O xalate
| ( 1 1 ) 1 0 . 0 0  " |
1
j Time o f  d i s t i l l i n g . ]  
Hours.
Per cant, water in  sam ple. 
(I )  * ( I I )
1  o ; 35 .61 2 7 .8 3
| 2 l 38 .06 | 31 .74
I 3. | 40 .0 3 j 33 .21
1 4 . 40 .4 9 33 .50
| 5 .  | 40 .49 34 .18
| 6 . j 40 .49 I 34 .66
| 7, j 40 .49 I 34 .76
1 8 . ! | 35 .05
[ 1 
9 . j | 35 .16
1 0 . | | 35 .45
j
1 1 . | j 35 .45
1 2 . I I 35 .45
R esidues s l i g h t l y  charred.
S a m p l e  t e s t e d :
Sucrose  s o lu t io n .  
Water 39 .6  per c e n t .
Weight taken:
D i s t i l l i n g  l i q u i d :
Toluene.
Temp, of o i l  bath  
140°C.
( I )  9 .9 5  gms4  1 0  gms. k ie s e lg u h r .
( I I ) 1 0 . 0 3  " 4 5  ” "




water in  sam ple. 
~ ( I I )
1 . 38 .09 3 7 .8 0
f
2 . 38 .99 39 .2 0
3-. 39 .41 39 .50
4 . 39 .70 39 .60
0 • 39 .70 39 .80
6 . 39 .90 39 .8 0
7' 39 .90 39 .8 0
8 * 39 .9 0
9.
1 0 . !
11.
1 2 .
R esidues uni-charred, 
pH of d i s t i l l a t e s  2 . 8
Sample t e s t e d : D i s t i l l i n g  l iq u i d :
Suoros-e s o lu t io n . Toluene.
Sucrose 6 0 .6  per  




Temp, o f  o i l  bath  
lSO^C.
Weight taken:
( I )  11 .59 gms.
( I I )  10 .01 M +  1 0  gms. k ie se l& u h r .
j Time o f  d i s t i l l i n g . ] Per osnt. water in  sam ple.
Hours. (I) ~ / I I )
I 1 . 1 19i,85 38 .47
1 2 | 31 .93 I 38 .47
1 3 . ) 32 .78 | 39 .47
1 4 • 1 33.66 39.47!i




I 8 . !i ! 34 .51
7 ' ' 1
34.51
I 8 . j 34 .51
9 . | 34 .51
1 0 . \
■'
i i .  !IF- !
| The e f f e c t  o f  tjhe k ie se lg u h r  
1 2 . i s  c l e a r l y  she'win h e r e .
S a m p l e  t e s t e d :
Sucrose S o lu t io n .
Sucrose 6 0 ,6  per c e n tj  
Water 3 9 .4  M
h eigh t ta k e n :
D i s t i l l i n g  l i q u i d :
Toluene.
Temp-f o f  o i lb a t h  
130°C.
10 .4 1  &ms*! +- 5 gms. Ha. O xalate  
( I I )  11 .4 0  M | + 5  M MgO.
j Time o f  d i s t i l l i n g . !  
Hours.
Per cen t, water  
(I )
in  sam ple.  
( I I )
| 1 . | 31 .23 3 0 .70
! : 
j 2 . | 31 .71  | 36 .84
| 3c ! 3 5 .55  | 38 .60
I 4 .  ! 37 .47 38 .6 0
5 . | 38 .4 3 38 .60
1 6 . ' | 39 .4 0  | 38 .6 0
I 7 ' | 39 .4 0  | 38 .60
8 . | 39 .4 0
10. I
j i
1 2 .  i !
pH o f  d i s t i l l a t e s  about 4 .0
Sample t e s t e d : D i s t i l l i n g  l iq u i d :
S o lu t io n  c o n ta in in g : Toluene.
Sucrose  54 .38  per c e n t .  
K. A c e ta te  9 .06  *' " 
Water 36 .56
Temp, o f  o i l  bath  
160*C.
Weight taken:
( I )  11 ,67  gms.
(X I ) 1 0 - 6 1  "
-h i gm. MgO.
| Time o f  d i s t i l l i n g . ]  
Hours.
Per cent, water in  sam ple.
( i )  - ( i d
I 1 . | 31.27 3 4 .80
\ \ 
j 2 . | 33 .42 | 36 .26
1 3 . ] 33 .42 1 37 .70i
1 4 .  |\ i 34 .28 j' 37 .70
1 5 .  ! 35 .90 3 8 .6 01












1 2 .  i . i
Decom position e v id e n t .  
Test continued o v e r le a f .
S a m p l e  t e s t e d :
S o lu t io n  as on p rev iou s  p a g e .
D i s t i l l i n g  l i q u i d :
Toluene.
Temp, o f  o i l  bath 160?
Weight taken:
( I )  11 .59  gms.|-v 1  gm. Ha. O xalate .
( I I )1 1 .0 7  n i ^ - l o  n K iese lg u h r
Time o f  d i s t i l l i n g .  
Hours.
Per c en t .w a ter  
(I)
in  sam ple. 
( I I )
1 . 35 .85 34 .34
a* 37 .11  | 35 .25;
3. 37 .97  | 35 .25
4 . 38 .4 0  | 36 .15
5 . 38 .84  | 36 .15
5 . 39 .26  | 36 .15
7 c. 39 .7 0  | 36 .60
8 . 39 .70 36 .60




In th e se  four  t e s t s ,  on ly  the  
one in  which k ip se lg u h r  was 
used gave the ap tu a l r e s u l t  
fo r  w ater.
S a m p l e  t e s t e d : D i s t i l l i n g  l i q u i d :
S o lu t io n  c o n ta in in g
| Sucrose 54 .59  per eenli.
a C aC l^ure) 9 .3 0
I Water 36 .11
Toluene.
Temp, o f  o i l  hath  130*
n  i i
Weight ta k e n :
f l )  12 .81  gms.|
( H ) 1 0 . 0 5  it j l .g m . Ha. O xalate














Per cen t, water in  sample 
f l )  - ( I I )




18 .58 28 .86




38 .25 39 .81
R esidues charrjed.
I
T e sts  continued o v e r le a f .
S a m p l e  t e s t e d :
S o lu t io n  as on p rev iou s  
page.
Water 36 ,11  per c e n t .
D i s t i l l i n g  l i q u i d :
Toluene,
Temp, o f  o i l  'bath 130 C,
Weight ta k e n :
( I )  10 ,37  gms.j +  5 gms. Ha. O xalate .
( I I ) 1 0 ,2 0  M 1 + 1  gm. MgO.




water in  sam ple. 
~ ( I I )
1 1 * 28 ,9 3 34 .82
1 2 30 .86 | 4 3 .7 5|
3 . 33 .8 0 44 .8 5
4 . 35 .7 0
|
5 • 36 .66
6 . 38 .59
7. 40 .5 1




j R esidues charrejd.
T ests  continued o v e r le a f .
S a m p l e  t e s t e d : D i s t i l l i n g  l i q u i d :
S o lu t io n  as on p rev io u s  
p a g e .
Water 36 .1 1  per c e n t .
Weight taken:
Toluene.
Temp, o f  o i l  hath 130°Ci 
10 gms. K iese lg u h r( I ) 1 4 . 2 2  SmH +
( I I )  1 1 .2 2  " | + 2 0  "
| Time o f  d i s t i l l i n g . Per cen t. water in  sam ple.
Hours. (I ) ~ ( I I )
1 . 36 .57 35 .66
[ 2 . 36 .93 | 37 .87
1 3 * 37 .62 | 37 .87
| - 4 . 37.97 37.87
! 5 . 37 .97 37 .87
I 6 . 38 .32








Although the amount o f  water  
recovered i s  g r e a te r  than th a t  
o r ig i n a l l y  p resen t  d e c o m p o s it io n  
of the Sucrose i s  shewn to  he 
le s se n e d  by the presence  of  
K iese lgu h r .
Sample t e s t e d : I D i s t i l l i n g  l i q u i d :
S o lu t io n  o f  D ex tro se: [ Toluene.
Water 56 ,1 5  per e e n t . i 0
D ex trose  43 .8 5  M " j Temp, o f  o i l  bath 140 C
Weight taken:
f l )  1 0 . 0 2  gms. -*■ 5 gms. K ie se lg u h r .
( I I )1 0 *01  ”
i
+ 1 0  " "
Time o f  d i s t i l l i n g . |  
Hours.
Per cent, water in  sample, 
f l )  - ( I I )
1 . , | 55 .40 55 .05
2 \ | 55 .7 0  | 55 .46
\
3. ( 56 .0 0  | 5 5 .55
4 . 56 .1 0  ! 55 .85
5 .-  | 56 .19  | 55 .95
6 . 56 .19  | 56 .35
7, I
ii
56.19  I 56. 35
8 . | 56 .19  | 56 .35
9. 1i
1 0 . !
U .  1
1 2 .
R esidues uij-charred. 
pH o f  d i s t i l l a t e s  2 .8
S a m p l e  t e s t e d : D i s t i l l i n g  l i q u i d :
S o lu t io n  o f  D ex tro se: T o lu en e .
Water 5 6 ,15  per c e n t ,  j Temp, o f  o i l  'bath 140 Cj 
Weight ta k e n :
(I )  10 .23  gms.
( I I )
Time o f  d i s t i l l i n g . ] Per cen t, water in  sample
Hours.
1? 4 0 .3 8|
2 - | 4 5 .0 7
3. 4 6 ,4 4
4 . | 4 8 .7 8
5 . 4 8 .8 9
6 . 4 9 .1 8
7 , 4 9 .4 8
8 . j 4 9 .8 5
9. t 5 0 .1 6
10 . | 5 0 .4 3
11 . j 5 1 .5 3
1 2 . 1 5 1 .6 2
f l ) ( I I )
c S ! r r e t . s l l s h t l y
By comparing th e se  r e s u l t s  w ith  th o se  on
, the  in f lu e n c e  o f  thethe prev iou s page 
k ie se lg u h r  w i l l  be e a s i l y  seen .
7 9 .
Sample t e s t e d : D i s t i l l i n g  l i q u i d :
S o lu t io n  o f  L ev u lo se . Toluene.
Water 40 .01  per eent. Te o f  o i l  bath  14Q. C
l e v u lo s e  59. 99 " "  I
Weight ta k e n :
( I ) 9 . 36 gms.
( I I ) 9 . 6 8  "
+ 10 gms. K ie se lg u h r .  
+  1 0  "
Time o f  d i s t i l l i n g Per cen t, water in  sample
Hours. (I) ~ ( I I )
1 . 40 .0 5 40 .07
2- 41 .0 2  | 40 .75
3 r 42 .5 2  | 41 .42









The r e s id u e s  were not badly  
charred, but decom position  i s
j in d ic a te d  by the  
jwater c o l l e c t e d .
q u a n t ity  o f
S a m p l e  t e s t e d ; D i s t i l l i n g  l i q u i d :
S o lu t io n  o f  L evulose  
Water 4 0 .0 1  per e e n t .
Toluene.
Temp, o f  o i l  "bath 140?
Weight ta k e n :
( I ) 9 .5 4  •
11 .91
+ 5 gms. k ie se lg u h r  and
5 " Fa. O xalate .
-f. 10* gms. Fa. O xalate on ly
i Time o f  d i s t i l l i n g . !  
Hours.
Per c en t .w a ter  in  sam ple, 
f l )  ~ ( I I )
I 1 . | 38 .90 32 .32
| Z- | 40 .36 I 37 .53
! 3 , | 41 .52 j 40 .5 4
1 4 . 42 .36 | 40 .55
I 5 * ! 42 .67 41 .31
1 6 * I 42 .98 | 41 .65
1 7 ' |
1 ;
I 8 . |
1 9 . |




P ro g ress iv e  decom position  
apparent. j
81.
An exam ination  o f  the  r e s u l t s  s e t  out i n  the Tables on 
pp« 6 8 - 6 0  r e v e a ls  some i n t e r e s t i n g  inform ation*
The a c c e le r a t in g  a c t io n  o f  the k ie s e lg u h r  i s  c l e a r l y  
dem onstrated, and the  pH. o f  the water d i s t i l l e d  over i s  shewn 
to  be ex trem e ly  low* This i s  s i g n i f i c a n t  in  v iew  o f  subsequent  
work.
Prom the  e s t im a t io n s  w ith  su crose  and d ex trose  s o lu t io n s  
i t  w i l l  be se en  th a t  the  method i s  s u c c e s s f u l  and g iv e s  r e s u l t s  
in  c lo s e  agreement w ith  each o th e r ,  but w ith  l e v u lo s e ,  p r o g r e s s ­
iv e  decom p osition  o ccu rs , which i s  on ly  to  be exp ected  a t  the
tem perature o f  the  b o i l i n g  m ixtures*
The t e s t s  were continu ed  w ith  Golden Syrup (a  m ixture o f  
th e  th ree  sugars tr e a te d  above), b e e t  m olasses  (a s t r o n g ly  
a lk a l in e  m a te r ia l)  and r e f in e r y  and cane m o la sse s ,  which are  
a c id ic  i n  ch aracter*
Sample te s te d . : 
Golden Syrup.
P i s t i l l i n g  l iq u id :  
Toluene .
Temp, o f  o i l  bath 140?
I Weight ta k e n :
( I )  11 .45  gm s.14- 10 gm®* K ie se lg u h r .
( I I ) 1 0 .2 0  " | +  5 " "
| Time o f  d i s t i l l i n g .  
Hours.
Per c sn t ,  water  
(I )
in  sam ple. 
~ ( I I )
| 1 . 15 .54 | 14 .02
| 2 16 .60
j 16 .47
I 3. 17 .21 i|
16 .66
4 . 17 .47
i 17 .16
5 . 17 .48 17 .56




| 7. 18 .43
|
17 .74
I 8 . 18 .51 17 .7 4
1 9 * 18 .69 18 .44
| 1 0 . 18 .87
15 i r s .
18 .63
18 .82
H . ; 17 1" 19 .12
I 19 j" 19 .32
| 1 2 . R esidues s l i g h t l y ch a ired .
Per c e n t ,  water p r e se n t ,  by de Whalleyi method» =• 1 6 .8 5 . See page 337)
S a m p l e  t e s t e d :
Golden Syrup.
as on p rev iou s  page, j
D i s t i l l i n g  l iq u i d :  
Toluene.
Temp, o f  o i l  bath  1#0°C
Weight ta k e n :
( I )  1 2 . 5 7 gms.| +  1 0  gms. K iese lgu h r
( I I )  12 .17  " |+  1 0  " ”
Time o f  d i s t i l l i n g .  
Hours.
Per cen t .w a ter  
(I)
in  sam ple. 
~ ■( I I )
1 . 1 4 .23  | 14 .96
2 , 16 .21  | 16 .44
3. 16 .6 0  j 16 .89
4 . 17 .0 0  j 17 .26
5 . 18 .18  | 17 .66
6 . 18 .18  j 17 .84
7 j1 8 . 1 8 18 .08
8 . 18 .18  | 18 .08
9. 18 .08
•1 0 . \
1 1 . pH o f  d i s t i l l a j t e s  4 . 2
1 2 . Uote e f f e c t  o f  temp 
bath, c / f  p rev iou s
. o f o i l  
page.
8 4 .
Sample t e s t e d :
Beet M olasses I .
D i s t i l l i n g  l i q u i d :  
Toluene.
Temp, o f  o i l  bath 140°C
Weight ta k e n :
( I )  1 3 .3 6 S msij- 10 gms. K ie se lg u h r .
( I ! )  13 .59  " 4  10 " "




water in  sam ple. 
- ( I D
1 . ! 13 .48 14 .06
2 : | 15 .42
\
| 15 .09
3. 15 .8 0 15 .60
4 .  | 16 .25 15.97
5 . 16 .39 16 .12
6 . | 16 .39 16 .19





9 * I 16 .41
1 0 . |
i 1 6 .41
n .  |
1 2 .
]
Sample t e s t e d :
Beet M olasses I .  as on 
p rev io u s  page.
Weight taken: ,
( I )  25*55 gmsjf-
(II>16 .42  " 4
D i s t i l l i n g  l iq u i d :  
Toluene.
Temp, o f  o i l  bath 140,
10 gms. K ie se lg u h r .
10 "  "
Time o f  d i s t i l l i n g . ]  
Hours. I
Per cen t, water in  sample





5 .  





















Test continued b v e r le a f .
Sample t e s t e d : ! D i s t i l l i n g  l iq u i d :
Beet M olasses I . | Toluene.
Temp. o f  o i l  bath 140°Cf
! Weight taken:  
j ( i ) 18. 62 gms;f* i o  gms. K ie se lg u h r .
( I I ) 2 2 .18 " 1 - f  1 0  " it
j Time o f  d i s t i l l i n g . j  
Hours.
Per cen t, water in  sample.
f l )  ~ f i r )
■ ■ >■ 1 14.77 15 .5 5
| 2 | 15 .73 16 .24
1 3. 16 .12 16 .46
1 4 * 1 16 .12 16 .46
1 5 * | 16 .12 16 .46
| 6 . |
t i
1 , 7* 1
8 . |
1 9 *  (
Mean o f 6 4 e‘terini na't i o ns
1 1 0 . |
16.j43^
1 1 . i
Thid r e s u l t  agrees wjfth th a t  obta in ed  j
12 . by dteam drying fo r  9 h o u r s , i . e .  16.44^
S a m p l e  t e s t e d : D i s t i l l i n g  l i q u i d :
Beet M olasses I I . Toluene .
Temp, o f  o i l  bath 140 C
Weight ta k e n :
^ 1 1 . 6 6  Sms*|4- 5 gms. K iese lgu h r
( I I ) 14 .69  " I* £ " ”
| Time o f  d i s t i l l i n g .  
Hours.
Per osn t. water in  sample, 
f l )  - ( I I ) -
1 . 11 .8 3 12 .3 2
I
j 2 , 13 .2 0
|
| 13 .33
| 3. 13 .72 j 14 .43
I 4 * .1 4 .4 0 j 14 .63
| . 5 . 14.67 | 14 .77




8 . * 15 .44 I 15 .59
9. ' 15 .44 15 .59
1 0 . 15 .44 j 15 .59
1 1 . j
1 2 . j Ho charring of R esidu es .
pH of d i s t i l l a t e s  5 .0
Sample t e s t e d : D i s t i l l i n g  l iq u i d :
Beet M olasses I I . Toluene.
.
Weight taken:
Temp, o f  o i l  bath 1(40?
f 1 * 10 .37 10 gms. K ie se lg u h r .
( I I )
Time o f  d i s t i l l i n g .  
Hours.
Per cen t, water in  sam ple. 
( I )  ~ ( I I )
1 . 13 .98  j
2 14 .28  |
i
14 .28  i
4 .  » 14.86
5 . 15 .15
6 . 15 43 I c*la rr i nS
| r e s id u e .
7 c. 15 .43
1 pH o f  d i s t i l l a t e !
8 • 15 .43  }
j 4 .6
9.
1 0 . Mean of 3 resu ljts  15 .49
••I—11—f Per cent, water (found by drying in
steam oven fo r  (9 hours 15 .36
1 2 .
Sample t e s t e d :  [ D i s t i l l i n g  l iq u i d :




Temp, o f  o i l  hath 140°
1
Weight taken: j 
( I )  lo-4 -f gms.l
( I I )  " |




water in  sam ple. 
- (.1 1 )
| 1 . ! 21 .67
I :
! 2 p\ . | 22 .67 |
l ‘ 3. !• 23 .0 0
! 4 .  | 23 .3 3
I 5 .  | 23 .67
1 ' 6 . | 23 .9 3
1 7. | 24 .0 0
1 8 - !
! 9 . | Residue badly charred.
| 1 0 . I pH of d i s t i l l a te  2 . 8
1 1 1 . I j
1 1 2 . 1
S a m p l e  t e s t e d : I D i s t i l l i n g  l i q u i d :
Beet M olasses liTo*3 Toluene.
o
j Temp, o f  o i l  Path 140 C|.
Weight ta k e n : j
( I )  1 0 .8 0  gms.l-h 5 gins. K iese lgu h r
( I I )  ” !,J"L 1 0 .7 6  | +  5 ** *
j Time o f  d i s t i l l i n g .  
Hours.
Per cen t water  
(I)
in  sam ple. 
~ ( I I )
[ 1 . 15;55 ||
15 .61
| E • 17 .2 2  | 18 .5 8
1 18 .52  ! 19 .23
1 4 . 18 .71 19.42.
1 ' 5 * 19 .17  | 19 .42
6 . 19 .17  | 19 .42
| 7 
| 8 . *






1 1 . Ho charring occurred .
| 1 2 . pH. o f  d i s t i l l a t e s  4 .7
91.
Sample tested .:
Beet M olasses No. 4
D i s t i l l i n g  l i q u i d :
Toluene.
Temp, o f  o i l  "bath 140 C
Weight ta k e n :
( I )  10 .26  gms.j + 5 gms. K ie se lg u h r .
( H ) l 0 . 4 8  " 1 + 5  ” "
Time o f  d i s t i l l i n g .  
Hours.
Per cen t  
(I)
water in  sam ple.  
- ( I I )
1 . 17 .56 18 .12
2 , 18.81 18 .60
3 . 20 .8 0
4 . 20 .18 20 .98
5 . 20 .27 21 .08
6 . 21 .2 4 21 .08
7, 21 .24 21 .0 8





Ho charring bccurred.  
pH. o f  d is t i jL la te  5 .2
Sample t e s t e d :
Beet Molasses Ho.
1 Weight t a k e n :
— ------------  f i)  10
(11)10
! D i s t i l l i n g  l i q u i d :
5 Toluene.
| Temp, of o i l  hath 140 C.
• 76 g ^ s . | +  5 gms. Kieselguhr.
.28 " |+ 5 " "
I Time o f  d i s t i l l i n g . Per  c e n t  w a te r i n  sam ple .
Hours . fi) ( I I )
j i 
| . 1 . 15.62 15.66
i : | 2 16.63 | 16.73
1 3, 17.84 | 18.09
1 |
| 5. .{ 18.59 j 18.98
1 5 ‘ 18.87 19.17
7 , 19.24 19.36
8 • 19.24 19.36
9. 19.24 19.36
1 0 . 19.24 j 19.36
1 1 . |
1 2 . '!
Ho charring.
pH. of d is t i l la te s  5.4
S a m p l e  t e s t e d :
Java M olasses .
D i s t i l l i n g  l i q u i d :
Toluene.
Weight ta k e n :
Temp, o f  o i l  hath 140
(I )  1 5 .70  gms.pf* 5 gms. K iese lgu hr
(I I )1 7 .2 1  " |-t- 5 ” ”
I Time o f  d i s t i l l i n g . |  
Hours. 1
Per cant, water 
( I )
in  sam ple. 
( I I )
{................ ..............................1....
I 1 .  j \ 17 .21I j
j 2 | 18 .1 5  1 18 .26
1 3. | 18 .47  |j 18 .89
I 4 .  | 19 .11  1| 19 .17
| 5 .  | 19 .3 0  | 1 9 .45
1 i
5 .  [ 19 .94  | 19 .8 0
1 7' 1 20 .06  | 20 .16
| 8 .  | 20 .19 20 .44




R esidues ijtadly charred. 
pH of d i s t i l l a t e s  below 3 .6
94
Sample t e s t e d : D i s t i l l i n g  l i q u i d :
Java M olasses . Toluene.
| Temp, o f  o i l  “bath 130*0,
Weight ta k e n :
^  1 4 .55  §ms*jHh 10 gms. Ha. O xalate .
( I I )  " !
| Time o f  d i s t i l l i n g . Per c en t .w a ter  in  sample.
Hours. (I )  " ( I I )
[ 1 . 1 8 .21  *1
1 2 1 8 .55  |
| S. 19 .2 4  |
I 4 .
19 .9 3  |
I 5 . 2 0 .62  1
1 5 . 20 .96  |
1 7 '
21 .3 0  j
II 8 . 2 1 .3 0
]
| 9. 2 1 .3 0  j
1 0 .
j Ho charring  to  old
| p la c e .
1 1 .
| 1 2 .
I
1 •
S a m p l e  t e s t e d :
Java M o la s se s .
j Weight ta k e n :
D i s t i l l i n g  l iq u i d :  
Toluene.





( I )  1 4 .7 5 gms.j-t- 1 0  gms. Na. O xalate .
( I I ) 14 . 65  » 1 + 1 0  " " "
Per cen t, water in  sample
Hours • i f i ) * ( I I )
1 . i 20 .67  | 15 .7 0
2 j 22 .3 8  j 17 .68





23 .59  [ 19 .24
5 . 23 .9 3  | 19 .59
6 . 24 .06 19 .86
7 24 .61  | 2 0 .1 3
8 . 24 .7 5  | 20 .54
9. 25 .01  | 20 .67
lO- 2 5 .28  j 2 0 .95
l l . 25 .42  | 2 1 . 0 2
1 2 .
Ho app rec iab le  charring .
21 .36
2 1 .5 0
2 1 .64
Hote the e f f e c t  
o f  o i l  hath.








! Sample t e s t e d : ! D i s t i l l i n g  l i q u i d :
N ata l M ola sses . Toluene.
S Temp. o f o i l  hath 140 C
| Weight taken:
(D lO .5 2 gms .  | 5 gms . K iese lgu h r
i
(11)11 .41 ” | + 1 0  11 Na. O xalate .




water in  sam ple. 




2 2 2 ,8 0
i
2 2 . 0 0!
3« 24 .04 | 23 .05
4 . 24 .42 24 .4 5
5 . 24 .61 25 .07
5 . 24 .71 25 .3 3
7, 24 .79 25 .5 8
8 .
i 25 .00 25 .8 5
1 9 * 26 .0 3
1 0 . 26 .11
1 1 . 2 6 .11
1 2 . 2 6 .2 0
13. Complete





Sample t e s t e d : ! D i s t i l l i n g  l i q u i d :
Hawaii M olasses . Toluene.
j Temp, o f  o i l  bath 140 C.i
Weight ta k e n :
( I )  10 .78  gms.
( I I ) 1 0 . 6 7
4- 5 gms. K iese lgu hr ,
+ 5 M "
Time o f  d i s t i l l i n g .  
Hours.
Per c sn t  water in  sam ple. 
(I )  * ( I I )
1 .
j
21 .9 8  | 21 .36
2
!
2 3 .0 0  I 2 2 .3 0
3. 2 3 .46  j 23 .1 5
4 . 23 .8 8  j 23 .3 3
5 . 2 4 .02 2 3 .43
6 . 24 .02  j
j
23 .5 3
7 2 4 .12 23 .61
8 .
9 •
1 0 . Complete charijing in  both t e s t s .




The r e s u l t s  ta b u la te d  on pages 8 s  to  9 7  shew th a t  when 
t r e a t i n g  cane m olasses  co n sta n t  read in gs were o b ta in ed  in  o n ly  
one c a s e .  i . e . .  Java m o la sse s ,  and th a t  was when 10 gm. sodium  
o x a la te  were added in s te a d  o f  k ie s e lg u h r .  The water co n ten t  
does n o t .  however, agree w ith  the f ig u r e  found by e i t h e r  o f  
the  drying m ethods. To i n v e s t i g a t e  fu r th e r  th e  a c t io n  o f  the  
o x a la t e ,  another cane m olasses  were d i s t i l l e d  under s im i la r  
c o n d i t io n s .  In thif ca se  o f  N atal m o la sse s ,  as rep orted  on 
p g . i?6 a c o n sta n t  read ing  was not a t t a in e d .
The low pH. o f  the  water d i s t i l l e d  over in  each c a se  i s  
n otew orthy:even  in  the ease  o f  b e e t  m o lasses , which i s  u s u a l ly  
s t r o n g ly  a l k a l i n e ,  the  pH. o f  the  water d i s t i l l e d  over in d ic a t e s  
a c id i t y *
With b e e t  m olasses  the  r e s u l t s  o f  the d i s t i l l a t i o n  are  
remarkably c o n s i s t e n t ,  and i t  would appear th a t  the e s t im a t io n  
o f  water can be completed in  s i x  hours.
Constant r e s u l t s  could  not be ob ta in ed  w ith  Golden Syrup, 
r e f in e r y  or cane m olasses  except in  the in s ta n c e  c i t e d  above.
I t  should be noted th a t  a co n sta n t read ing  was obta in ed  
i n  each o f  the  d i f f e r e n t  t e s t s  w ith  su crose  s o lu t io n s ,  and 
th e se  f ig u r e s  did not agree w ith  each o th e r .  I t  would appear 
th a t  a co n sta n t  reading i s  not n e c e s s a r i ly  a c o r r e c t  one .
Many o ther  d i s t i l l a t i o n s  were made w ith  r e f in e r y  and cane 
m o la sse s ,  in c lu d in g  samples from Cuba, Egypt, Hawaii, Java and
West I n d ie s ,  but i n  a l l  c a se s  decom position , due no doubt to  
th e  e f f e c t  o f  the  high temperature on the  reducing  su g a rs ,  was 
app arent.
I t  can th e r e fo r e  be d e f i n i t e l y  s t a t e d  th a t  th e  to lu e n e  
d i s t i l l a t i o n  method i s  not s u i t a b le  fo r  o th er  than b e e t  
m o la sse s .
I t  may be mentioned here th a t  a l to g e t h e r  more than e ig h ty  
o f  th e se  t e s t s  were c a r r ie d  o u t ,  and on two o c c a s io n s  the  
apparatus cracked , h a p p ily  w ithout s e r io u s  r e s u l t s .  In  the  
absence o f  proper su p e r v is io n  the  dangers a tten d an t upon the  
use o f  such  an inflammable l i q u i d  as to lu e n e  are  c o n s id e r a b le  
and t h i s  would preclud e  i t s  use in  most sugar l a b o r a t o r i e s .
Another d isadvantage i s  th a t  the  temperature o f  th e  o i l  
bath  must be k ep t c o n s ta n t .  A therm ostat c o n tr o l  i s  n e c essa ry  
f o r  t h i s  purpose .
Developments o f  the d i s t i l l a t i o n  methods have r e c e n t ly  taken
p la c e  i n  c o n n e c tio n  w ith  h e e t  m olasses  and v a r io u s  non-inflam mable
heavy hydrocarbon d e r iv a t iv e s  have been proposed f o r  use as the
im m isc ib le  l iq u id s *  These l iq u i d s  and m ixtures o f  l iq u i d s  have
a d e n s i ty  o f  about 1*5 so th a t  th ey  " f lo a t ” the  m olasses* This
removes the  p o s s i b i l i t y  o f  decom position o f  the  m olasses  by i t s
b e in g  "baked” in  the  f l a s k  and a ls o  o b v ia te s  the  danger due to
the  use o f  such an inflammable substance  as t o lu e n e .  A s p e c ia l
type o f  apparatus i s  n ecessa ry  to  permit o f  the  r e f lu x in g  and
retu rn  o f  the  heavy d i s t i l l i n g  l i q u i d  and the  c o l l e c t i o n  o f  the
w ater as the  top la y e r  in  the r e c e iv er *  The drawing on the  
{joz)
f o l lo w in g  page shews one o f  s e v e r a l  typ es  made up o f  sim ple p a r ts  
by the author, and used by him fo r  the  p re lim in ary  experim ents  
u n t i l  an apparatus s p e c i a l l y  designed  fo r  the purpose was procured .  
This s p e c i a l  type i s  a l s o  shewn on pg .iob *  This w i l l  be 
r e fe r r e d  to  as the  "Q” type and the former as the D.L. apparatus*  
C a lib r a t io n  o f  Apparatus* The b u re tte  forming the r e c e iv e r  o f  
the D*Ii* apparatus was c a l ib r a te d  b e fo re  i t  was made up, but in  
view  o f  the  p e c u l ia r  non -w ettin g  e f f e c t  o f  the ch loro  d e r iv a t iv e s  
on g la s s  i t  was con sid ered  a d v isa b le  to  c a l ib r a t e  the  whole
apparatus as used in  the  estim ation s*
This was done by adding 1 c . c .  o f  water a t  a time to  the  
f l a s k  c o n ta in in g  the  d i s t i l l i n g  l iq u i d  and then  d i s t i l l i n g  over  
the  w ater .
*  Thielepape & Fulde (Z. ver deut. Zuck.ind, 1 9 3 1 -2 ) .
I t  was found th a t  the o n ly  c o r r e c t io n  n e c e ssa r y  was 0 .0 2  
f o r  the  f i r s t  c . c *  c o l l e c t e d ,  and th a t  no c o r r e c t io n  was 
needed when 2 -3  c . c .  was the amount c o l l e c t e d  during a t e s t *
With th e  Q* apparatus, the  presence  o f  a c o i l  condenser  
was r e s p o n s ib le  fo r  a sm all amount o f  water b e in g  r e ta in e d  in  
th e  worm, the  c o r r e c t io n  as found by the same method as in  
th e  p rev iou s  case  b e in g  0*10 fo r  2 -3  c . c .  o f  water c o l le c t e d *
I t  may be mentioned here th a t  the D.L. apparatus, d e s p i te
itsB eem ing c r u d ity  and the  f a c t  th a t  i t  was graduated in  te n th s
/
o f  a c*c* cou ld  be read e a s i l y  to  * 01  c . c *  and gave r e s u l t s  
e q u a l ly  as s a t i s f a c t o r y  as th o se  obta in ed  w ith  the Q type whose 
r e c e iv e r  i s  graduated in  0^t >2 c . c .  and whose c o s t  i s  about ten  
t im es th a t  o f  the  s im pler  form.
The l iq u i d s  su g g es ted  fo r  th e se  d i s t i l l a t i o n s  in c lu d e  
T etrach ioroethane  and T r ich lo ro eth y len e  mixed in  c e r t a in  pro­
p o r t io n s  to  g iv e  a d e f i n i t e  b o i l in g  p o in t  a t  which the m olasses  
w i l l  n o t be decomposed, and T e tr a c h lo r o -e th y le n e .  ( B .P . l lS ^ C .) * 
The t o x ic  p r o p e r t ie s  o f  the mixture have been a d v e r se ly  
rep orted  on in  the te c h n ic a l  p r e s s ,  but the last-nam ed l i q u i d  
i s  c o n s id ered  to  be much s a fe r  i n  t h i s  resp ec t*  The author  
found th a t  c e r t a in  proportions o f  t e t r a c h lo r o -e th y le n e  and carbon  
t e t r a c h lo r id e  gave m ixtures which could be v a r ie d  because o f  
t h e i r  d e f i n i t e  b o i l in g  p o in t s ,  to  s u i t  required  c o n d it io n s*
fhe P,I>, Apparatus fo r  e s t im a t io n  o f  Water Content*
1 0 3 .
The " Q " Apparatus for Water Content.
W E  I
r
The s t i l l  head f i t s  
in to  a f l a s k  w ith  
ground g la s s  neck*
D i s t i l l i n g  M ixtures
carbon c
9 p a r ts  T e tra e h lo ro e th y len e  and 1 p a r t /T e tr a c h lo r id e  B.P* 114 C.
9 "  n n 3 n s n " 106*0.
9 n " " 6  " n " 98°C.
The ch em ica ls  used were B.D.H. produ cts , l a b e l l e d  T ech n ica l .  
Rone guaranteed  a b s o lu te ly  pure could  be ob ta in ed  except the  
Carbon T e tr a c h lo r id e .  This i s  s i g n i f i c a n t  in  v iew  o f  c e r ta in  
d i f f i c u l t i e s  encountered l a t e r .
During p re lim in a ry  t e s t s  on b e e t  m olasshs, when d i f f e r e n t  
ty p es  o f  apparatus were being  t r i e d  ou t , some sm all v a r ia t io n s  
in  r e s u l t s  were observed . These were a t t r ib u t e d  to  d e fe c t s  in  
the  app aratu s. Some f o r t y  d i s t i l l a t i o n s  were made in  t h i s  
p re lim in a ry  work but no apparent decom position o f  the  d i s t i l l i n g  
l iq u i d s  was observed . A fter  an in t e r v a l  o f  some weeks, however, 
th e  presen ce  o f  phosgene was observed in  some o f  the  l i q u i d  th a t  
had been used r e p e a te d ly  and l e f t  s ta n d in g . Resumption o f  the  
work was made w ith  new su p p lie s  o f  t e t r a c h lo r o e th y le n e ,  and Java 
('cane; m olasses  was used in s te a d  o f  b e e t .  The b o i l i n g  p o in ts  o f  
the  l i q u i d  and o f  the  carbon te tr a c h lo r id e  used fo r  m ixing w ith  i t  
were t e s t e d  and found to  be the same as o f  the  o r ig in a l  s u p p l ie d .  
Beet m o la sse s ,  cane m olasses and golden syrup were ex amin ed  as
shewn l a t e r .
On d i s t i l l i n g  a sample o f  Java m o la sse s ,  however, considerable
1 0 5 .
ch arr in g  o f  th e  m a ter ia l  in  th e  f l a s k  soon became e v id e n t ,  
and some abnormal decom position  took p la c e  as w i l l  be seen  
from th e  t a b le  o f  r e s u l t s  g iv e n  below , (pg . / o 6  ) .  i t  was
co n s id er ed  a d v isa b le  a t  t h i s  p o in t  to  i n v e s t i g a t e  the  a c t io n  
o f  th e se  ch loro  d e r iv a t iv e s  on s o lu t io n s  o f  pure su crose  
under the  same c o n d it io n s  as b e fo r e .  Various d i s t i l l i n g
•3
m ixtures were made up having b o i l in g  p o in ts  ranging from 97 C. 
to  116° C.
In every  t e s t ,  charring o f  the sugar commenced w ith in  
the  f i r s t  h a l f -h o u r 's  h ea tin g , and continued  u n t i l  the mass 
was co m p le te ly  carb on ized . This was e f f e c t e d  i n  about 
two hou rs. The pH. o f  the d i s t i l l a t e s  were below 2 . 8 .
The d e t a i l s  o f  the t e s t s  are shewn in  Tables * <xyf 
and the cause o f  the  decom position i s  fu r th e r  d is c u sse d  on 
page o.
1 0 6 .
Sample t e s t e d : D i s t i l l i n g  l i q u i d :
Java M olasses . T etrach lorethan e  and Tri-
ftp
c h lo r e th y le n e  M ixt.
.
Weight taken:
( I >1 0 . 8 8  Sms. 
( I I )
j Time o f  d i s t i l l i n g . !  
I Hours. 1
Per c en t .w a ter  in  sam ple, i 
(I )   ^ ( I I )
] [ 
j i .  |
} j 
17192 |
| 2 - | 19 .30  1
! i
I 3c I 19 .76  |
1 ' 4 .  I 20 .45
1 5 * 2 0 . 6 8
1 6 . 21 .14  j
i , -s
I ?, | 21 .37  j
1 8 . I 22 .06  |
i !
1 9 . |




l i . Complete charging.
1 2 . r 1
Q. apparatus used.
10?.
Sample t e s t e d : D i s t i l l i n g  l i q u i d :
Sucrose s o lu t io n .  | T etrach loreth an e  and 
Carbon t e t r a c h lo r id e .
3 9 .6 0  per c e n t .w a te r .  j B .P . 1 0 3 .5°C
6 0 .4 0  M 11 su cr o se ,  j
; } 
I Weight taken: j 
( I )  10 .15  s mH
( I I )  " 1{ i| j
1 Time o f  d i s t i l l i n g .  
1 Hours.
Per cen t, water in  sam ple.
( i )  - ( i d
1 .
I
33 .51  J
1 2 • 35 .47  ji
! 3. 37 .94  |
4 . 39 .42  |
| • 5 . 40 .4 0
1 B- 43 .36  |





Complete charring  r a p id ly  took  
p la c e .  j





Sample t e s t e d : D i s t i l l i n g  l i q u i d :
Sucrose  s o lu t io n . T e tr a c h lo r o e th y le n e .
Water 39 .6 0  per c e n t .  
Sucrose 6 0 .40  ” ”
Weight ta k e n :
( I )  10 .67  gms.I
( I I ) 10 .62
i
j Time o f  d i s t i l l i n g .  
J Hours.
Per cen t .w a ter  in  sam ple.
( i )  * ( i d
I 1 . 36 .55  36 .72|
| 2 ■ 43 .5 8  | 43 .3 2
1





1 7' D.L. apparatus.] Q. apparatus.
1 8 .
i
9 . Complete charririg ocuurred in  





1 0 9 .
Sample t e s t e d :
Sucrose s o lu t io n .
Water 30 .6 0  per c e n t .  
S u cro se6 0 .40  ” H
Weight ta k e n ; ,
fx ) 10 .15  gms-I
f l l ) l 0 . 1 5  " |
D i s t i l l i n g  l i q u i d :
t T e tra c h lo ro e th y len e  and! 
carbon t e t r a c h lo r id e .
B .P. o f  m ixture  
103°C.
j Time o f  d i s t i l l i n g J Per cen t. water in  sam ple.
Hours. 1 ’ f i ) * ( I I )
I 1 . ! 32 .53 31 .53
1 2 . | 38 .92 j 4 0 .4 0
I
| 3. 41 .38 ! 4 1 .88\
1 4 ‘





| D.L. apparatus. Q. ap p aratu s.
| 8 .1
I 9 - Complete charring occurred in  both




1 2 . R efer to  pag£ i s o .
S a m p l e  t e s t e d :
Sucrose s o lu t io n .
Water 39 .6 0  per c e n t .  
Sucrose 6 0 .4 0  " "
Weight ta k e n :
( I )  10 .17  Sms •(
f 1 1 ' 10 .11  " I
D i s t i l l i n g  l i q u i d ;
T etra ch lo ro e th y len e  and 
carbon t e t r a c h lo r id e .
B.P. o f  m ixture  
97°C.




water in  sam ple. 
" ( I I )
1 1 - 2 3 .6 0 | 19 .31
1 2 32.45 | 30 .94f
3. 34.91 | 34 .41
4 . 36.87 j  36.14
i
5 . 38.84 37 .38
6 . 39 .93 38 .37
7<. 40 .86 39.36
8 . 40 .34
9.
D.L. apparatus. Q. apparatus.
•ol—1
|
Rapid and complete charring  
took p la c e ,  j
I
S a m p l e  t e s t e d :
Sucrose  s o lu t io n .
Water 39 ,60  per cent  
Sucrose 60 ,4 0  M 11
D i s t i l l i n g  l i q u i d :
T r ic h lo r e th y le n e  and 
te tr a c h lo r e th a n e  m ixt
Weight ta k e n ;
(I) 10.20 Sms-!
( T T ) ” >' ± -U  1 0 . 2 0
Time o f  d i s t i l l i n g .  
Hours.
Per cent, water in  sample. 
(I)  ~ ( I I )
1 . 35 .30 31 .86
2 41 .67 | 37 .01
3. 45 .10 | 41 .42
4 . 47 .25 44 .61




9. B .L . apparatus. Q, apparatus.
1 0 . *
1 1 .
1 2 . Complete charriij tg occurred .
S a m p l e  t e s t e d : D i s t i l l i n g  l i q u i d :
Beet M olasses N o . l
j Weight ta k e n :
T e tra c h lo ro e th y len e  M ixt. 
B.P. 106* C.
10 .58  Sms‘ 
( 11)11.21 "
-I- 5 gms. K iese lguhr,  
+• 5 " "
















water in  sam ple. 
~ ( I I )
12 .77 10 .9 2
14 .98 | 1 4 .05
14 .98 si}
15 .60 I 15 .38I
15 .70 j 15 .61
16.06 ] 15 .83
16.06 J 16 .06
16.06 I 16 .06
I 16 .06
No charring . I
pH of d i s t i l l a t e s  about 4 .6
Q. a p p a r a t u s  u s e d ,
1 1 3 .
Sample t e s t e d : ! D i s t i l l i n g  l iq u id :
Beet M olasses No. 1 j T e tra c h lo re th y len e  M ixt. ]
B .P . I 0 6  C.
i
! Weight taken:
| ~  . .................... ( I )  10 .48 gms. |
| ( I I )
|
1...................... .......... ...... . .. ............
i» ]
[ Time o f  d i s t i l l i n g . ]  
H o u r s . . I
Per cen t, water in  sam ple. 
(I)  ~ ( I I )
1 1# I 12 .17  |
j 2 | 13 .6 0  |
i i 
1 3c | 14 .32  j
i }
! 4 . 14 .55  |
1 5 -
14 .96
I 6 .  I 15.27  j
I 1
I 7 c | 15.31  |
| 8 . |
|  1
15 .75  |
| 9. [ 15 .75  |
1 ° .  | 15 .75  |
11  • (Constant rea d in g ]o b ta in ed , but the  
| , g | r e s u l t  d i f f e r s  f  j:om th ose  rep orted
•on the prev iou s page. No k ie se lg u h r  
was used in  t h i s  t e s t .
i ;
S a m p l e  t e s t e d : j D i s t i l l i n g  l i q u i d :
Beet M olasses Uo. 1 T e tr a c h lo r o e th y le n e .
Weight t a k e n : j
f i )  gms«j
(11)10.85 ” |+ 5 gms. K iese lg u h r
; Time o f  d i s t i l l i n g .  
Hours .
Per  c e n t . w a t e r
( I )
i n  sam ple .  
( I I )
I 1 . 14 .87 15 .4 8
1 2 1 6 .15  | 16 .13
1 3. 16 .15 1 6 .59
1 4 ‘ 16 .65 16 .77
1 5 . 17 .02 17 .05
1 ® •] 17 .02 17 .05
1 7 ' 17 .02 1 7 .05
! 8.
! 9.
10 .' Ho c h a r r i n g . !
1 n . pH. about 5 .6i
1 2 .
115.
Sample t e s t e d :
Beet M olasses No. 1
D i s t i l l i n g  l i q u i d :
T e tr a c h lo r o e th y le n e .
Weight t a k e n :
(iff l! )  10 .89  gms*| + 5gms. o f  K iese lgu hr ,
( i d  " !
! Time o f  d i s t i l l i n g .  
| Hours .
Per  c s n t , w a t e r  i n  sam ple .
am - ( h )
1.
|
1 5 .6 1  |
i
| 2 , 1 6 .5 3  |
! 3c 1 6 .8 0  j
4 . 1 6 .9 8
| 5 . 1 6 .9 8  I





No charring . j
! 1 0 .i?
pH. o f  d i s t i l l a t e  5 .0
i i .
1 2 ;
S a m p l e  t e s t e d : D i s t i l l i n g  l i q u i d :
Beet M olasses No, 2 T e tr a c h lo r o e th y le n e .
Weight ta k e n :
( I )  12 .79  gms.j 4 . 5 gms. K ie se lg u h r .
( I I ) 1 0 .2 2  n ! 4- 5 « »
| Time o f  d i s t i l l i n g  .j 
Hours. |
Per c en t .w a ter  in  sam ple, j 
(I )  " ( I I )
I 1 . j 15 .0 5  14 .92
! 2 - | 15 .6 3  | 15 .41
| 3. ] 16 .0 3  |
1 4 .  | 16 .03  | 16 .14
I 5 - I 16 .0 3  j  16 .1 4
I 6 . | 16 .03  | 16 .14
1 7. |
|
I 8 . , |
* * i
|
l ■ '■ ! 
1 9 .  j
!
| 1 0 . | Bo charring o f  R esid u es .
1 1 . | pH of d i s t i l l a t e s  1 .2
12. ! I
Q, apparatus u sed .
117.
Sample t e s t e d : ..................... ... D i s t i l l i n g  l iq u i d :





15.0^ms.] -*■ 5 gms. Kieselguhr.
(11) 1 2 .5 5 ”
i
+ 10 " H
I Time o f  d i s t i l l i n g .  
| Hours.
Per osnt, water in  sam ple. 
(M l )  - ( f i n  )
1 1 - 13 .63 14 .94
j 2 14 .63 1 5 .34
14 .96 15 .5 3i 3.
1 15 .21 15 .74
4 .
15 .4 0 16 .03
1 5 •
15 .40 16 .0 3  |
6 . i
15 .4 0 1 6 .0 3  |
j 7. 1
j •: 8 .
i *
1 9 ‘ Hote. Test Ho. ’I I I )  does not
| 10 . g iv e  same r e s u l t  as the o th e r s .  ;1
11.
Ho charring , jpH. o f  d i s t i l l a t e s
| 12 . about 1 .2  ?
Q. apparatus used .
118.
Sample t e s t e d :
Beet M olasses Ho. 2
D i s t i l l i n g  l i q u i d :  
Tetrachloroethylene.
I Weight taken: v
1 (W, 10 .21  gm s.h  gms. K ie se lg u h r .
! ( I I )  10 .37  " U  10 w "
I Time o f  d i s t i l l i n g .  
1 Hours.
Per cent, water in  sam ple. 
(V) ~ (V I)
[ 1 . 15 .02  | 14 .37
| 2- I 14 .95
I  3, 16 .01  | 15 .72
1 4 * 1 6 .0  1 | 15 .72




| 8 .1 Ho charring!.
| 9 .
,10. j
11. D.L. apparatus used .
12. i
119.
Sample t e s t e d : ! D i s t i l l i n g  l i q u i d :
Beet M olasses No. 3 T e tra c h lo ro e th y len e .
I Weight taken:
f I ) 13 .26 gms.| + 5 #gms. K iese lgu h r .
| d l h .2 .1 2 " l-f- £ " "
| Time o f  d i s t i l l i n g . ]  
Hours.
Per cen t water in  sample, 
f l )  - ( I I )
! 1 .  j . | 17 .91
? : 
1 2 : | 18 .56  | 18 .51
1 3« I 18.77 |
1 4 .  |
i
18.86 1 19 .05
1 5 * | 19.01 | 19 .14
1 6 . 19.08 | 19 .14
I 7. | 19.08 1 19 .14
I 8 . | 19.08
1 9 *  |1 £ 
1 1 0  •  !
Ho charring occurred.
1 i i .
pH. o f  d i s t i l l a t e s  3 .8 - 4 .0
1 2 . i D .L. apparatus1 used .
Sample t e s te d : D i s t i l l i n g  l i q u i d :
Beet M olasses No. 3 T etra ch lo ro e th y len e .
i|
I Weight taken:
{ I l l} l0 .3 7 g m s .j + 5 gins. K iese lgu h r .
| (S i )  " |
1 j
Time o f  d i s t i l l i n g . !  Per cent water in  sam ple. ! 
Hours. f t )  ( H I )  * (IT)
1 .  1| If7.36 .
2 | IB. 32
3.  | l b . 80i
4 .  | , 1)9 . 1 7
5.  | 1)9 . 2 9
6.  | 1)9.29
7< | 1)9.29
8 .  | i
9. pH. o f  d i s t i l l a t e  3 .8
apparatus u s e j .
11. j
12. 1 f
S a m p l e  t e s t e d :
Beet M olasses No. 4
D i s t i l l i n g  l iq u id :  
T e tra c h lo ro e th y len e .
Weight ta k e n :
^  10 .52  Sms*| + 5gms. K iese lgu hr
it10.76  " 1 + 5  "




water in  sample. 
( I I )
I 1.j \ 19.67 | 19 .05
I 2 20 .43 j 1 9 .98
3.
I
4 . 20 .90 20.91
5 . 20 .90 20 .91
5 . 20 .90 i 20 .91
7, |
8 .  * |\ No charring.
9 . J pH. of d i s t i l l a t e s 5 .1
10. i
11. I
12 . 1 D.L. apparatus >used.
S a m p l e  t e s t e d : D i s t i l l i n g  l i q u i d :
Beet M olasses Bo. 4 T etra ch loroeth y len e
Weight ta k e n :
( I )  10 .36  Sms*
( I I ) 1 0 .2 4  "
+- 5 gms. K iese lgu h r .  
+ 5 .» ft
Time o f  d i s t i l l i n g .  
Hours .
Per c sn t  water in  sample. 
(I)  ~ ( I I )
1. 20 .04  19 .05
2 - 21 .00  j 20 .03i
3. 21 .2 3  j 20 .51
4 . 21 .23  | 20 .89
5 . 21 .23  20 .89
6 . 21 .23  | 20 .89
' 7 <•
8 .
9. No charring (occurred.
10. pH. o f  d i s t i j l l a t e s  5 .1
11.
12. Q. apparatus used .
S a m p l e  t e s t e d :
Beet M olasses Ho. 5
D i s t i l l i n g  l i q u i d :
T e tra c h lo ro e th y len e .
I Weight ta k e n :
10 .45  &ms •! + 5 gms. K ie se lg u h r .
( I I ) 10 .34
Time o f  d i s t i l l i n g  
Hours.
Per cent water in  sample.
fD  ’ ( i d
1 , 17 .13  19 .34
2- 18 .19  | 19 .34
3. 18 .86  | 19 .44
4 . 19 .23  19 .44
5 . 19 .23  | 19 .44







11. pH. o f  d i s t i l l a t e s  5 .4
12.
D.L. apparatus used .
1 2 4 .
Sample t e s t e d :
Beet M olasses Ho. 5
1 Weight ta k e n :
D i s t i l l i n g  l i q u i d :
T e tra c h lo ro e th y len e .
( I )  gms .1
10 .55  |
( I I )  " I
11.08
+ 5 gms. k ie se lg u h r  
+ 5 " 11
| Time o f  d i s t i l l i n g .  
Hours.
. Per cent water in  sample. 
(I )  . -  ( I I )
1. 17.66 j 18 .51
| 2 - 18.65  | 18 .86
| 3 . j
4 . 19 .39  j 19.41
5 . 19 .39  | 19 .41
6 . 19.39 | 19 .41
| 7. | {
1 ' 8 .  [
| 9 . | H o  charring .
! i o . pH. of d i s t i l l a t e s  5 .4
i i .  |
12. Q. apparatus used.
1 2 5 .
Sample t e s t e d : D i s t i l l i n g  l iq u id :
N ata l M olasses . T e tra ch lo ro e th y len e .
'
Weight taken: ,
(X) 10 .53  gms. •+• 5 gms. K iese lgu h r .
(11)10.60 " + 5 •» «
| Time o f  d i s t i l l i n g . !  
I Hours. I
Per cen t, water  
(I)
in  sample. 
~ ( I I )
I 1 .  | 2 5 .4 0  j 2 5 .4 8
I 2 |
|
1 2 5 .9 4
! 3.  1 2 6 .6 0  j 2 6 .2 9
I 4 .  | 2 6 .8 3 2 6 .7 5
I 5.  | 2 7 .3 1  1
i
2 6 .8 8
I 1! 1 2 7 .5 4  |J
2 7 .1 3
1 ?' I 2 7 .7 7  | 2 7 .5 9
| 8 .  | 2 8 .0 2  |
! 9 .  |
1 1 ° .  1 I
11.  |
i j Complete ch a ir in g  took p la c e .
1 12 . ! i
Sample t e s t e d : 
N ata l M olasses .
D i s t i l l i n g  l i q u i d :  
T e tra c h lo ro e th y len e .
Weight ta k e n :
(I )  12*53 gms.j-f 5 gms. K iese lgu h r .  
h.3,27 " 1 + 5  " "
I Time o f  d i s t i l l i n g . |  
| Hours. j
Per cent, water in  sam ple.  
(I)  * ( I I )
! i .  |
£
24 .98  |
1 2 ] 25 .70  | 25 .56
I 3. | 26 .10  j
| 4 .  | 26 .34  |1 26 .5 4
! 5 .  1 26 .58  j 26 .83
| 6 .
i f 26 .91 26 .99
1 7. | 27 .15 27 .29
1 8 • I
e i 27.46 I
9 . | : 27 .82
1 0 . | 27 .97
1 1 .
1 28.27
1 2 . 1
Complete charrinjg of  
pH. below 2 .8
r e s id u e s .
D.L. apparatus used.
S a m p l e  t e s t e d :
Hawaii M olasses
D i s t i l l i n g  l i q u i d :
T e tr a c h lo r o e th y le n e .
Weight taken:
( I )  10.47 gms
( I I ) 1 1 . 8 3  "
-+- 5 gms. K ieselguhr, 
+ 5 " *
Time o f  d i s t i l l i n g .  
Hours.
Per cen t,w a ter  
(I)
in  sample. 
( I I )
1. 22.61 22 .62
2. 23.21 22 .53
3c 23 .59  i 23.97
4 . 23.97 1
24 .15
5 . 24 .16  |









I 9. 25 .49





1 2 . [ }
Residues completely charred after 
ahout two hours' heating.
D.L. apparatus.
S a m p l e  t e s t e d : | D i s t i l l i n g  1 iqui_dj_
R e f in e r y  M olasses* T etrach loroethy len e*
Weight ta k e n : j
( I )  10*39 SmH  + 5 gms. K ie se lg u h r .
(II )1 0 .4 6  " | + 5  11 "
Time o f  d i s t i l l i n g . j  
Hours.
Per cent, water  
(I)
in  sample. ; 
( I I )
1.  | 22 .14  |
21 .17
2 j 22 .62  | 23 .18
3. | 23 .59  j 23 .18
4 . 23.88  I 23 .90
5. 24.16 24 .14
6 . 24 .55 24 .62
7 c. | 25 .03  |
8 . 25 .23  |
9. | 25 .51  |
10 . | 25 .80  . j
11. | 25 .90
12.
D•L. apparatus Q. apparatus.
Complete charring occurred .
pH. of d i s t i l l a t e s  2 .8
Sample t e s t e d : D i s t i l l i n g  l i q u i d :
R e fin e r y  M olasses. T etrach loroeth y len e  and | 
carhon t e tr a c h lo r id e  m ixi 
B.P.106 M .
Weight taken:
(I )  10 .56  gms. •+ 5 gms. K iese lg u h r .
(1 1 )1 0 .9 1  "
c  If tl+ 5
Time o f  d i s t i l l i n g .  
Hours.
Per cen t.w ater  in  sam ple. | 


























pH, “below 2 .8
R e fe r r in g  to  Table pgw/o the su crose  s o lu t io n  should  
n ot have charred  a t  a temperature o f  97°C. In order to  
e l im in a te  any p o s s i b i l i t y  o f  the sugar s o lu t io n  i t s e l f  be in g  
r e s p o n s ib le  fo r  t h i s  p e c u l ia r  behaviour, some o f  i t  was b o i l e d  
under a r e f l u x  condenser fo r  a con sid erab le  tim e, the b o i l in g  
p o in t  b e in g  about 103*C. l o t  the s l i g h t e s t  tra c e  o f  decomposi­
t i o n  or d i s c o lo r a t io n  was observed . This confirmed the f in d in g s  
o f  l o e l  Deerr ( H . S . P . A . ) th a t  sucrose s o lu t io n s  are s t a b le  even 
a t  a somewhat h igher  temperature than 103*0•
O bviously  the  ca rm eliza tio n  and carb on iza tion  o f  the pure\
su cr o se  s o l u t i o n  in  the case c i t e d  above could  have r e s u l t e d  on ly  
froiji in v e r s io n  due to  the combined e f f e c t s  o f  a c id  and temperature  
The aqueous d i s t i l l a t e  when t e s t e d  was found to be a c id ic  and 
c h lo r id e  was p r e s e n t .  The pH. was below 3 .0 .
Some o f  the te tr a ch lo ro e th y len e  was next b o i le d  under a 
r e f l u x  f o r  an hour w ith  some d i s t i l l e d  water which was afterwards  
sep a ra ted  and t e s t e d .  The presence o f  HC1 was confirm ed.
At t h i s  p o in t  the s p e c ia l  "Q" apparatus fo r  use in  the  
e s t im a t io n  o f  water in  m olasses, by using a mixture o f  t e t r a c h lo r -  
ethane and t r ic h lo r o e t h y le n e ,  was r ec e iv e d , and an attempt was 
im m ediately  made to reproduce r e s u l t s  obtained by the p a te n te e ,  
u sin g  Java (cane) m o la sse s .  'b^ s case a l s o ,  rap id  charring  took
p la c e .  The experiment was repeated w ith b ee t m olasses and 
c o n s i s t e n t  r e s u l t s  were obtained , as was a lso  the ca se  when b e e t
1 3 1 .
m ola sses  was d i s t i l l e d  w ith  the  same mixture which caused the  
tro u b le  w ith  the cane molasses*
I t  was thus made ev id en t th a t  the chloro d e r iv a t iv e s  o f  
the  heavy hydro carbons are unstab le  when heated* The f a c t  
th a t  th e  b e e t  m olasses was not a f f e c t e d  was no doubt due to  i t s  
a l k a l i n i t y  which n e u tr a l iz e d  the a c id s  produced by the d i s t i l l i n g  
m ixture*
Tucker and Burke (A nalyst, 1935) mention th a t  in  d i s t i l l i n g  
c e r e a l s  w ith  te tr a ch lo re th a n e  fo r  the determ ination o f  m oisture,  
c o n s i s t e n t  r e s u l t s  may be obtained under standard con d ition s*
They g iv e  a l i s t  o f  o ther m ater ia ls  in  which the water content  
may be determ ined by t h i s  method, but they s t a t e  th a t  cane sugar  
syrups cannot be so estimated* They do n o t ,  however, su g g es t  any
reason  fo r  t h i s .
An exam ination o f  the various chloro compounds was next  
undertaken* A d e f i n i t e  quantity  was b o i le d  up w ith  d i s t i l l e d  
water under a r e f l u x  condenser and the a c i - d i t y  determined in  the  
water so  t r e a t e d ,  by t i t r a t i o n  w ith  n/ 10 NaOH. The f ig u r e s  g iven  
below shew o o n e lu s iv e ly  the u n s t a b i l i t y  o f  th e se  compounds under 
the  c o n d it io n s  recommended by c o n t in e n ta l  sugar t e c h n o lo g is t s  fo r  
th e  e s t im a t io n  o f  m oisture in  b eet m olasses .
#
Exam ination o f  C h lo r o -D e r lv a t iv e s*
In each c a se  100 c c .  o f  the chloro-compound and 20 c o .  
o f  d i s t i l l e d  water were “b o i le d  in  a f l a s k  under a r e f lu x  
condenser fo r  two hours* The water was then separated  by 
means o f  a se p a r a t in g  fu n n e l,  t e s t e d  for  the presence o f  
C hloride r a d i c l e ,  i t s  pH* a sc er ta in e d  by the comparator, and 
10 c e .  o f  i t  were t i t r a t e d  a g a in s t  N/10 NaOH*
pH* o f  D i s t i l l e d  water -  4*8
pH* o f  
Water*
No. o f  co 
H/1Q NaOH 
required* 01.
Carbon t e t r a c h lo r id e  4*8 Absent*
T r ic h lo r e th y le n e  
Trie h lo r  ethane
1*2 30*8 present*
3 .0 2 .12 i»
T e tr a c h lo r o e th y le n e  1*2 7.36
IT
The behaviour o f  the sa tu rated  compound i s  somewhat
unexp ected .
B e fo r e  coaming to  any f i n a l  d e c is io n  as to  the u n s u i t a b i l i t y
o f  th e  Method when a p p l ie d  to  cane m olasses , a communication was
s e n t  t o  th e  makers o f  th e  chem icals who were asked i f  they  could
supply  th e se  ch lo ro  compounds o f  guaranteed purity*  They r e p l ie d
t h a t  th e y  were unable  t o  do so ,  and th a t  the t e s t s  they them selves
a p p lie d  corro b o ra ted  the  f in d in g s  o f  the author. They a lso
s t a t e d  t h a t  th e y  q u i te  expected  th a t  the chloro d e r iv a t iv e s  would
decompose reader th e  co nd itions o f  the d i s t i l l a t i o n *
I t  may he conclu ded , th e re fo re , th a t  the  e s t im a tio n  o f  water
in  cane m olasses cannot he e f f e c t e d  by means o f  th ese  chloro
s o l v e n t s ,  and t h a t  th e  continued use in  th e  case  o f  b ee t  m olasses
i s  a t te n d e d  w ith  co n sid erab le  r is k  u n le s s  the d i s t i l l i n g  l iq u i d
or  m is t  a r e  i s  fre sh *  Constant use even w ith  a lk a l in e  b ee t
m o la sse s  I s  hound to  l e a d  to  decomposition o f  the d i s t i l l i n g  l iq u id
to
a s  w e ll a s  o f  th e  m olasses  under treatm ent, an d /g ive  r e s u l t s  which 
may h e  h ig h ly  in a c c u r a te  and not Immediately apparent*
Method Ho* 5* Brix by Refractometer.
In  1906, Tolman and Smith ( J.Am.ChenuSoc.) shewed th a t  
the  in d ex  o f  r e f r a c t io n  o f  s o lu t io n s  o f  pure su crose  v a r ie s  
d i r e c t l y  w ith  the  c o n c en tr a t io n . They and o ther  workers 
in c lu d in g  Main and G eerlig s  demonstrated the u t i l i t y  o f  i t s  
a p p l i c a t io n  in  the chemical co n tro l  o f  the r e f in e r y  and a ls o  
o f  th e  raw sugar f a c t o r y .  Tables o f  r e fe r e n c e ,  f i r s t  
p u b lish ed  by Tolman and Smith ( l o c . c i t . ) ? by Main ( I .S. J. ,1907)? 
and a l s o  by G e e r l ig s  and Van West (A rchief .1909) are now 
e x t e n s i v e l y  used fo r  converting  the reading o f  the  r e f r a c t iv e  
in d ex  o f  th e  s o lu t io n  to  per c e n t ,  su cro se , or a l t e r n a t i v e l y  
to  per c e n t ,  water in  the so lu t io n  o f  su cr o se .
The form o f  instrument in  general use fo r  the purpose o f  
determ ining the  r e f r a c t iv e  index o f  sugar s o lu t io n s  i s  a 
development o f  the  Abbe* type , and the per c e n t ,  s o l i d s  so 
determ ined i s  r e fe r r e d  to as the Refractom eter B r ix , or r e f . b r i x .
The r e f .  b r ix  o f  sugar syrups, e t c .  may be r a p id ly  d e te r ­
mined by m erely  p la c in g  a drop o f  the l iq u id  between the prisms 
o f  the instrum ent and reading the s c a le  through the o c u la r .
The scale is  graduated either in per cent, sugar or in refractive  
indexes. In the la tter  ease by reference to the appropriate 
tables the index is  read off as per cent, sugar; (100 -  ref.brix)
w ill represent the per cent, water.
The prisms are kept at a constant temperature of 20 C. at
which th e  s c a l e  i s  graduated, but ta b le s  o f  c o r r e c t io n s  are  
a v a i la b le  in  order to bring  the  reading a t  any other  
tem perature to  t h i s  standard*
When t h i s  method i s  employed, i t  i s  assumed th a t  the  
r e f r a c t i v e  in d ex es  o f  the s a l t s  in  s o lu t io n  under examination  
have th e  same v a lu e s  as sucrose* This, o f  cou rse , i s  not
the  e a s e ,  and w ith  impure J u ic es ,  m olasses , e t c .  the d i f fe r e n c e
may be c o n s id e r a b le .  D esp ite  t h i s  f a c t ,  the use o f  th e  va lue
"ref* b r i x ” throughout the fa c to r y  chemical c o n tro l  has been
advocated  by many sugar te c h n o lo g is t s  * but in  t h i s  work we 
are o n ly  concerned w ith  i t s  r e la t io n  to the s o l i d  con ten t o f
m o lasses  as found by other methods.
In  each o f  the t e s t s  on m olasses and syrups reported  in  
p art I ,  the r e f . b r i x  i s  s t a t e d .  For purposes o f  comparison, 
the s o l i d  m atter  as found by the various methods are ta b u la ted  
on pg . isb so  th a t  any r e la t io n  can be r e a d i ly  observed*
An exam ination o f  Table does not r e v e a l  any
d e f i n i t e  r e l a t i o n  between the b r ix  obtained by the r e f r a c t o ­
meter and the  dry substance found by any other method*
De Whalley ( I . S . J . ,  1935) s t a t e s  th a t  fo r  golden syrups,  
the  a d d i t io n  to  the r e f .  b r ix  o f  0 .022 fo r  every 1 part o f  
in v e r t  sugar found to be p resen t ,  w i l l  g ive  the per c e n t .





































o  o• a




O tO o to H r-f
to to to CQ O H
• • • • • •
to CQ to 03 O 03
CO 00 00 00 00
tO e- o 00
to to o ©• • • • •
t o CQ t o CQ OE- CO CO CO 00
•
M
00© • • • •
03 M 03 CQ©
a) ra


































e - 03 CQ 00 CQ CQ H H 03
• • • • • • • ♦ •
to H 03 C7> CT> cr» 03 CO CD
E- 00 00 E- e > c» GO CD E*
a* 00 to r-l •tH o o CQ
a> o to o in to CQ 00
• • • • • • • - •
03 r-i cr> O 03 o t^
e - 00 00 CO e> 00 CD CD E*
o> 03 00 to H tn CQ 00 d
e - 03 00 03 m 00 r-l 03 03• • • • • • • • •
CQ to r-l o> o CQ H in


















s o l i d s  a c t u a l l y  in  the syrup* He claim s a l s o ,  th a t  the  same 
eofcfcection i s  a p p l ic a b le  to  cane m olasses , but he makes no 
m ention o f  i t s  u t i l i t y  in  the case o f  beet  m olasses*
In  the c a se  o f  golden syrup reported  on page 52. the in v e r t  
sugar c o n te n t  was found to be 47*76 per c e n t .  According to  
de Whalley the  tru e  s o l i d s  are 82.1-*-(.022 x 47*76)  i . e . ,  83 .15  
which f ig u r e  a g rees  w ith  th a t  obtained  by drying in  the steam  
oven f o r  5 hours*
In the c a se  o f  Natal m olasses , in  which the in v e r t  sugar  
was 1 4 .4 6 ,  the s o l i d s  per c e n t ,  by t h i s  reason ing would be 
78 .2  + ( . 0 2 2  x  14 .46 ) i . e .  78.5  
This f i g u r e ,  78. 5  i s  very d i f f e r e n t  from the r e s u l t s  
ob ta in ed  by the  oven methods, being higher than both .
S im i la r ly  w ith  Java m olasses .
8 3 .1  ( . 022 x 23 . 2)  r 83 .6
In t h i s  c a se  the r e s u l t  i s  higher than the D.S. obta in ed  
by steam oven drying and lower than th a t  obtained  by drying in  
vaouo•
With the r e f in e r y  m olasses, where the in v e r t  sugar was 
found to  be 12 .0 5  per c e n t . ,  the s o l id s  would be 76 .7  
(0 .0 2 2  x 1 2 .0 5  ) i . e .  77.0* This f ig u r e  i s  n e a r ly  4 per c e n t ,  
higher  than th a t  obta ined  by heating fo r  9 hours in  the steam  
oven* Furthermore, i t  shews a consid erable  d i f f e r e n c e  from
the r e s u l t s  ob ta in ed  by drying in  vacuo.
In the  c a se  o f  b eet  m olasses , in  samples Ho. 3 , .4 and 5 ,
the  r e f*  b r ix e s  have p r a c t i c a l l y  the same value* In No. 4 ,  
t h i s  a g r ee s  w ith  the percentage D.S. obtained  by drying in  the  
steam oven , but a con sid era b le  d if fe r e n c e  i s  observed in  the  
other  two sam p les .
I t  may, th e r e fo r e ,  d e f i n i t e l y  be s ta te d  th a t  there  i s  no 
r e l a t i o n  between th e  r e f .  b r ix  and the per c e n t ,  dry substance in  
th e  c a se  o f  cane m o lasses ,  r e f in e r y  m olasses and b ee t  m o la sse s .
The knowledge o f  the r e f r a c t iv e  b r ix  may be o f  co n sid era b le  
v a lu e  fo r  c o n tr o l  purposes in  a fa c to r y  d ea lin g  w ith  th e se  
products but the  assumption th a t  i t  g iv e s  a f ig u r e  rep resen t in g  
th e  tru e  s o l i d  co n ten ts  i s  unfounded#
I t  i s  somewhat d i f f i c u l t  to  draw any d e f i n i t e  c o n c lu s io n s  
fromAwork c a r r ie d  out in  Part I* In the absence o f  any 
p r e c i s e  knowledge o f  the true water content o f  any o f  the  
m a te r ia ls  d e a l t  w ith ,  i t  i s  not p o s s ib le  to  s t a t e  which 
method g iv e s  the  c l o s e s t  r e su lt*  I t  i s  the g en era l op in ion  
o f  sugar ch em is ts  th a t  the vacuum oven method g iv e s  r e s u l t s  
n e a r e s t  th e  t r u th ,  but the work ca rr ie d  out here does not  
fu r n is h  much ev id en ce  in  support o f  t h i s  view*
One can understand the d if fe re n c e  between vacuum and 
steam oven r e s u l t s  in  the case  o f  products con ta in in g
o
l e v u lo s e ,  which does decompose a t  100 C*, but there  i s  a ls o  
a d i f f e r e n c e ,  though not o f  the same magnitude, in  the case  
o f  b e e t  m olasses  co n ta in in g  no lev u lo se*
I t  has been claim ed th at the d i s t i l l a t i o n  methods are  
a c cu ra te  because  the  water i s  a c tu a l ly  c o l le c te d *  Reference  
to  Table Ro* i-f*o however, shews l i t t l e  to  su b s ta n t ia te  t h i s  
c la im . While r e s u l t s  obtained by the two d i s t i l l a t i o n  
methods may be s a id  to agree w ith  each o th er , they  are  
nearer  th e  f i g u r e s  found for  drying a t  100 C* fo r  9 hours 
than th o se  a t  70 C* in  vacuo* This, o f  course , may be 
e x p e c te d ,a s  the  B*P. o f  the d i s t i l l i n g  l iq u id s  i s  approxi­
m ately  115 C*
D i s t i l l a t i o n  using te tr a ch lo re th y len e  might be a 
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to  change th e  l iq u id  fr e q u e n tly , hut i t s  o n ly  advantage
appears to  he th a t  the e stim a tio n  in v o lv es  on ly  one rap id
w eigh in g  and r eq u ires  the minimum o f  a tten tio n *  As the
apparatus must he thoroughly c lean ed  b efore  u se , however,
th e  sa v in g  in  labour i s  somewhat o f f s e t*
With regard  to  cane and r e f in e r y  m o la sses, d i s t i l l a t i o n
methods are  d e f in i t e ly  in a p p lica b le*  The on ly  s o lu t io n
o f  th e  problem  appears to  l i e  in  the adoption o f  a standard
method under s p e c i f ie d  c o n d it io n s , so th a t r e s u lt s  obtain ed
by d i f f e r e n t  workers may be s t r i c t l y  comparable.
I f  i t  were p o s s ib le  to  dehydrate a sample o f  m olasses
w ith o u t th e  a p p lic a t io n  of heat some va lu ab le  in form ation
m ight be o b ta in ed  which would s e t t l e  the q u estion  as to
whether th e  r e s u l t  obtained  by drying a t  the tem perature o f  the
©
steam  oven or th a t found by drying in  vacuo a t  70 C# i s  nearer  
to  th e  tru e  a c tu a l water conten t o f  the m olasses*
This has been attem pted, w ith  doubtful su ccess*
R ic e , in  a paper on the determ ination  o f  m oisture in  
sugar syrup (Ind* and Eng* Chem* 1929) r e fe r s  to  the f a c t  
th a t  th e  A.O.A.C* (Methods, 1925) rep ort the p r o g r ess iv e
■o
decom p osition  during the drying o f m olasses a t  70 C* in  
vacuo and th a t  sam ples o f the same syrup prepared in  the  
same way reached  con stan t w eight when l e f t  in  a Hempel 
d e s ic c a to r  o v e i  w * *  su lp h u ric  a c id  &  48 hours a t  a p ressu re
of 2*5 cm* and that no further loss of weight was found 
after 10 days*
Experiments were made by the present author who 
attempted to dry a sample of molasses in an evacuated 
desiccator over HJ30^  but after a week was unable to reach 
a figure within about 3 per cent* of that obtained by oven 
drying methods*
Cone* SO. is  not a pleasant substance to work with
2 -  *V
and a substitute was found in S ilica  Gel which during a long 
ser ies o f  experiments was proved to be a very e ffic ien t  
drying agent, much more so in fact than any other used in  
the tests*
The s i l ic a  gel is  sold in perforated aluminium containers 
which are placed in the vessel to be dried. The s i l ic a  gel 
can be rev iv ified  by heating the container in the oven and 
then storing in the special tin  provided* The size of this 
desiccator is  about 2lf dia* x -g” deep* A Tft e l l  ta le ” paper 
disc treated with cobalt nitrate shews when the gel needs 
regenerating?by the change in it s  colour from blue (when dry) 
to pink*
Samples of molasses were made up as in the ordinary oven 
drying te s ts , placed in a glass bell-desiccator and three of 
the s i l ic a  gel desiccators were inserted with a " tell tale"* 
The change in colour of the small disc shewed that dehydration
143.
was talcing place*
The g e l  d ish e s  were changed a t  in te r v a ls  vary in g  from  
6 hoars a t  f i r s t  to  24 hours l a t t e r l y ,  and o th ers  th a t  had 
j u s t  heen  r e v iv i f i e d  were then in serted *
The p ro g ress  o f  the drying may he fo llo w ed  from the  
w eig h in g s ta b u la te d  below .
Sample Tested* N atal M olasses.
As t h i s  m olasses was rath er f lu id ,  one weighed p o r tio n  
was mixed w ith  the sand w ithout the a d d itio n  o f  water and 
two o th e r s  were made up in  e x a c t ly  the same manner as fo r  
th e  t e s t s  by th e  drying ovens : 2 -  3 o c . water was used fo r  
f a c i l i t a t i n g  m ixing w ith  the sand. Each d ish  was d ried  
s e p a r a te ly  in  a d e s ic c a to r  over s i l i c a  g e l .
"Dry" m ixed t e s t *
W eight o f  m olasses taken • 1 .5615  gms
Per c en t, o f D .S . a f t e r  1 day. 64 .22
w if n if if 2 days. 83 .12
n n if n it 3 n 62*41
if n if if n 6 if 81 .88
it it n n w 8 n 8 1 .7 0
»i if w n it 9 w 81*46
n if w n if 10 if 8 1 .2 7
if it If w n 13 n 80*96
n n If n w 14 it 80 .86
» n If n n 15 w 80.69
n it If n tt 20 it 80*48
"Ibt"m ixed t e s t . X. IX.
W eight o f  m o la sses  ta k e n . 1 .6 3 9 1 1 .7 0 9 0
Per c e n t . Of D .S . a f t e r  4 d ays. 8 6 .6 8 8 3 .9 6
It IT IT If it 7 w 8 3 .2 7 8 3 .1 5
n it It It n 9 it 8 2 .7 1 8 2 .5 3
i t  t t It If it 11 ti 8 2 .1 5 8 2 .1 4
n n n  it n 14 n 8 1 .9 5 8 1 .8 8
i t  ti It IT it 17 tt 8 1 .4 9 8 1 .5 5
n if ft w TI 22 it 8 0 .9 3 8 0 .1 1
A fte r  t h i s  p e r io d  a l ig h t  in c r e a se s  were record ed , so  
a f t e r  a t o t a l  p e r io d  o f  tw enty e ig h t  days th e  experim ents  
were abandoned*
F iv e  s im ila r  t e s t s  were c a r r ie d  o u t, some in  evacu ated  
d e sic ca to r ^  but th e  lo w e st  p ercen tage  o f  D .S . found was 
8 0 .1 1 .
The in fo rm a tio n  provided  by th e se  t e s t s  i s  n o t o f  much 
a s s is t a n c e  in  s e t t l i n g  th e  q u estio n  o f  what i s  th e  tr u e  w ater  
c o n ten t o f  m o la sse s . I t  does shew a rem arkable c o n s is te n c y  
in  th e  r a te  o f  drying in  d u p lic a te  t e s t s  and i s  a s t r ik in g  
p roo f o f  th e  e f f i c i e n c y  o f  s i l i c a  g e l  as a dehyd ratin g  a g e n t .
The author a ls o  co n sid ered  th a t  i t  m ight be p o s s ib le  to  
h ea t th e  sample under exam ination  in  a s p e c ia l  typ e  o f  oven, 
and to  c o l l e c t  and w eigh th e  m oisture and products o f
1 4 5 .
d ecom p osition  g iv e n  o ff*  The lo s s  in  w e ig h t o f  th e  sam ple  
tr e a te d  sh o u ld  he equal to  th e  w e ig h ts  o f  product; c o l le c t e d #
As i t  would he im p o ss ib le  to  se p a r a te  th e  d i f f e r e n t  
prod u cts o f  d ecom p osition , i t  was decid ed  to  c o l l e c t  th e  
m oistu re  and any C02 d r iv en  o f f  in  a s e r i e s  o f  U tu h es  
c o n ta in in g  ca lc iu m  c h lo r id e  and soda lim e r e s p e c t iv e ly .  The 
in c r e a se  in  the w e ig h ts  o f  th e  tu h es so o b ta in ed  sh o u ld  he  
equal to  th e  w eig h t l o s t  by the sample o f  m olasses*
Two s p e c ia l  ovens were d esign ed  fo r  t h i s  purpose by th e  
author and are  shewn on th e  sk e tc h  on page /^ 6 .
Oven ”B” c o n s i s t s  o f  a copper tube o f  r ec ta n g u la r  c r o ss  
s e c t io n ,  which cou ld  c o n ta in  the same s i z e  o f  d ish  a s  was 
used fo r  the steam  and vacuum oven t e s t s *  One end o f  t h i s  
tub e i s  "drawn o u t” and brazed to  a copper tube* The
w hole i s  f ix e d  in  a copper ja ck e t in  which c ir c u la t e s  a m ixture  
o f  w ater and g ly c e r in e ,  which i s  heated  in  order to  keep a
o
c o n sta n t tem perature o f  102 C. A s u ita b le  rubber in s e r t io n  
and a heavy b ra ss door c lo s e s  the o th er  end o f  th e  tu b e , and 
through th e  door a tube p a sses  through which a cu rren t o f  d r ied  
and p u r i f ie d  a ir  i s  drawn to  sweep out th e  vapours produced on 
h e a tin g  th e  m olasses*
The w ater d r iv en  over i s  c o l le c t e d  in  the U tu b es and 
bulbs*
A s e r i e s  o f  blank experim ents was c a r r ie d  ou t to  se e  i f  
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<Vi SOL
a ir  su p p ly  was p assed  in  a f t e r  b e in g  th orou gh ly  d r ied ^ in  
s p e c ia l  tow ers c o n ta in in g  f r e s h  ca lc iu m  c h lo r id e  and soda  
l im e . A L a n se id le  bulb c o n ta in in g  su lp h u r ic  a c id  was th e  
f i r s t  ab sorb in g  v e s s e l ,  and th e  a c id  in  t h i s  r a p id ly  turned  
brown. I t  appeared th a t  th e  com pressed a ir  was contam inated  
w ith  o i l  from th e  com pressor and th e  organ ic  m atter was 
trap ped  n ot in  th e  drying tow ers but in  th e  su lp h u r ic  a c id ,  
a f t e r  i t  had p a ssed  through th e  heated  oven .
A ttem pts to  p u r ify  th e  a ir  were u n s u c c e s s fu l.  I t  was 
a ls o  ob served  th a t  th ere  was an in c r e a se  in  w eig h t in  th e  
soda lim e  tu b e s . This was f i n a l l y  tra c ed  to  the d ecom p osition  
o f  th e  rubber in s e r t io n  o f  the d oor. T ests  made on t h i s  
m a te r ia l shewed th a t  p r o g r e ss iv e  l o s s  o f  w eight took p la c e  on
o
h e a tin g  i t  a t  100 C.
A ttem pts were th en  made to  draw th e  cu rren t o f  a ir  through  
by means o f  a dry a ir  pump. D esp ite  a l l  th e  p reca u tio n s tak en , 
s l i g h t  in c r e a s e s  o f  w eight in  a l l  th e  drying  tu b es as w e ll  as 
th e  soda lim e tu b es in d ic a te d  le a k s  which c o u ld  n ot be a lto g e th e r  
p rev en ted .
I t  was then  d ecid ed  to  use a d i f f e r e n t  typ e o f  oven .
Sk etch  nAn in d ic a te s  a g la s s  tube drawn ou t a t  one end, 
p a ss in g  through a c y l in d r ic a l  copper w a te r -ja c k e te d  oven*
A t r a in  o f  U tu b es was a tta ch ed  to  the narrow tu b e , and a 
v ery  slow  cu rren t o f  p u r if ie d  a ir  was drawn through w h ile  
th e  sample was b e in g  h ea ted .
A number o f  b lank t e s t s  were f i r s t  made, but in c r e a s e s  
in  th e  w e ig h ts  o f  th e  U tu b es alw ays r e s u l t e d .  Even th e
s m a lle s t  le a k s  in  th e  ap p aratu s, which cou ld  n ot be lo c a te d , a 
seemed to  have a c o n s id e r a b le  cum ulative e f f e c t  during th e  
f i v e  hours o f  th e  run.
B efore  th e  a ttem p ts which had occu p ied  a number o f  months 
were abandoned, a few  experim ents were com p leted .
A lthough th e  lo s s  in  w eigh t s u f fe r e d  by th e  sample d id  
n o t agree w ith  th e  g a in  in  w eigh t found in  th e  ca lc iu m  
c h lo r id e  and soda lim e tu b e s , th e re  was a s u f f i c i e n t  in c r e a se  
in  th e  l a t t e r  to  in d ic a te  th a t  d ecom p osition  o f  the m o la sses  
a t  th e  tem perature o f  the oven, i . e .  100 C to  102 C. r e s u lt e d  
in  th e  p rod u ction  o f  an a p p rec ia b le  amount o f  C0a •
This f i e l d  o f  in v e s t ig a t io n  m ight p r o f i ta b ly  be 
exp lored  by workers s k i l l e d  in  m icro -tech n iq u e , but in  v iew  
o f  th e  d i f f i c u l t i e s  encountered and the f a c t  th a t  th e  w e ig h ts  
o f  th e  tubes composing th e  ra th er  extended c o l l e c t in g  t r a in  
were out o f  a l l  p rop ortion  to  the sm all in c r e a s e s  in  w eigh t  
which were b e in g  so u g h t, th e  author d ecid ed  to  d isc o n tin u e  
th e  a ttem p t.
A few  r e s u l t s  are g iv en  to  shew th e  order o f  th e  f ig u r e s  
o b ta in e d .
1 4 9 .
Sample -  f fa ta l M o la sse s .
Per c e n t ,  l o s s  Per c e n t ,  g a in  Per c e n t ,  g a in  In
In  sam p le, In CaCla ta b e s .  soda l l a e  tubes#
8 3 .0 8  8 8 .3 1  0 .1 4
8 1 .4 5  8 8 .5 8  0 ,1 8
8 6 .8 8  8 6 .6 4  0 .8 1
i 0 \ i - 5 h
150.
'BART I I *
E stim a tio n  o f  Reducing S u gars*
The d eterm in a tio n  o f  red u cin g  su gars in  cane molasses and 
r e f in e r y  p rodu cts i s  a problem which i s  s t i l l  under i n v e s t i ­
g a t io n  by th e  members o f  th e  In te r n a t io n a l Commission f o r  
Uniform  Methods o f  Sugar A n a ly s is*
The methods in  g en era l use in v o lv e  th e  p r e c ip i t a t io n  o f  
cuprous ox id e  from S o x h le t 's  a lk a l in e  copper t a r t r a t e  s o lu t io n  
(commonly r e fe r r e d  to  as E e h lin g 's  s o lu t io n )  as a r e s u l t  o f  the  
a c t io n  o f  th e  red u cin g  sugars* The p r e c ip i t a t e  i s  th en  
e stim a te d  e ith e r  g r a v im e tr ic a l ly  a f t e r  co n v ersio n  to  cu p rio  
o x id e , or v o lu m e tr io a lly  a f t e r  d is s o lv in g  i t  in  s p e c i f ie d  
reagen ts*  Tables shewing th e  r e la t io n  betw een w e ig h ts  o f  
copper o x id e  and v a r io u s sugars have been produced by A l l ih n ,  
H er z fe ld , M e is s l, Munson and Walker and o th e r s , and are used  
to  f in d  th e  p ercen tage  o f  red ucin g  sugar p resen t*  This i s  
u s u a lly  r ep o rted  as In v er t Sugar*
The most in t e r e s t in g  method, however, i s  th e  d ir e c t  
t i t r a t i o n  a g a in s t  F e h lin g 's  s o lu t io n  o f  th e  s o lu t io n  c o n ta in in g  
th e  su g a r , m ethylene b lu e  b e in g  used as an in te r n a l  in d ic a to r *  
This method f i r s t  p u b lish ed  by Lane and Eynon (j* S * C .I* f 1923) 
i s  r a p id ly  g a in in g  fa vou r , and Chly th e  co n serva tism  o f  th e  
sugar in d u str y  has so fa r  preven ted  i t s  more e x te n s iv e  
a p p lic a t io n *
The red ucin g  a c t io n  o f  sugars upon d if f e r e n t  s a l t s  o f
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copper was o r ig in a l ly  observed  by Trommer, (Ann*39, 3 6 0 * ), and 
h is  methods were improved by B arresw il in  1844* The d e t a i l s  
o f  th e  procedure as now employed were worked ou t by F eh lin g  
in  1848 (Ann* 72 , 106* )• G ravim etric methods are  w id e ly  
used on th e  C on tin en t and in  t h i s  country* The A.O.A.C* 
recommend th e  Munson and Walker procedure fo r  th e  g r a v im e tr ic  
d eterm in a tio n  o f  cu p ric  o x id e , which by r e fe r e n c e  to  t h e ir  
s p e c ia l  t a b le s  i s  read o f f  as In v er t Sugar* The Lane-E<ynon 
method i s  g iv e n  as a " te n ta t iv e ” one* The H .S .P .A . recommends 
b oth  th e  Munson and Walker and th e  Lane-Eynon procedures in  i t s  
Methods o f  Chemical C ontrol fo r  Cane Sugar F a c to r ie s  (1929)*
Any com parison o f  the r e s u l t s  o b ta in ed  by th e  v a r io u s  
methods does n ot appear to  have been p u b lish ed  by an independent  
w orker. An attem pt i s  made, th e r e fo r e , in  t h i s  s e c t io n  to  
shew th e  d if fe r e n c e s  in  r e s u l t s  ob ta in ed  by u s in g  d i f f e r e n t  
m ethods, and th e  v a r ia t io n s  ob ta in ed  by d i f f e r e n t  a n a ly s ts*
The methods compared are th e  Lane-Eynon, Munson-Walker,
Low’ s Io d id e  and th e  Permanganate*
The d ir e c t io n s  fo r  making up th e  s to c k  s o lu t io n s  and th e
d e t a i l s  o f  th e  procedure in  th e  methods examined are as
fo llo w s*
P rep a ra tio n  o f  F e h lin g rs S o lu t io n *
A. 69 .28  gms. CuS04 *5H20 per l i t r e *
B. 346* " o f  R och e lle  S a l t s ,  and 100 gm s. BaOH per l i t r e *
For a n a ly s is  mix equal volum es o f  A and B j u s t  b e fo r e  using*
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Lane-Igynon1 s Method*
"The Standard Method o f  t i t r a t i o n  i s  c a r r ie d  ou t as  
fo l lo w s :  10 m l. or 25 m l. o f  F e h lin g 's  s o lu t io n  i s  m easured, 
w ith  a p ip e t t e  a c c u r a te ly  s ta n d a rd ized  fo r  t h i s  pu rp ose, in to  
a hard g la s s  f l a s k  o f  300-400 m l. c a p a c ity , and o f  th e  ord in ary  
round form w ith  f la t t e n e d  b a se . A 50 m l. b u r e tte  having a p in ch -  
ooek in s te a d  o f  a g la s s  tap  i s  f i l l e d  w ith  th e  s o lu t io n  to  be 
t i t r a t e d ,  and alm ost the whole volume req u ired  to  reduce th e  
F e h lin g 's  s o lu t io n  i s  run in to  th e  f l a s k ,  so th a t  o n ly  about 
0 .5  to  1 m l. (but not l e s s  than 0 .5  m l.)  i s  req u ired  l a t e r  to  
com plete th e  t i t r a t i o n .  The co n ten ts  o f  the f l a s k  are  w e ll  
mixed in  th e  c o ld  by shaking round, and th en  heated  to  b o i l in g  
on a tr ip o d  stan d  covered  w ith  p la in  w ire gauze over a bunsen  
f la m e . The l iq u id  i s  kept in  moderate e b u l l i t i o n  fo r  2 m ins. 
and then  3 -4  drops o f  th e  m ethylene b lu e  s o lu t io n  are added, 
p r e fe r a b ly  w ith o u t touch in g  the s id e s  o f  the f l a s k ,  and the  
t i t r a t i o n  i s  com pleted in  1 min. fu r th e r , by a d d it io n  o f  th e  
sugar s o lu t io n  2 -3  drops a t  a tim e, a t in t e r v a ls  o f  about 10  
s e c s . ,  u n t i l  the co lo u r  o f  the in d ic a to r  i s  co m p lete ly  d i s ­
charged , and th e  b o i l in g  r e a c t io n  l iq u id  resumes th e  b r ig h t  
orange appearance (due to  cuprous o x id e )* which i t  had b e fo r e  
th e  in d ic a to r  was added. The t i t r a t i o n  i s  thus com pleted  in  
3 m in s. from the commencement o f  e b u l l i t io n ,  and during th e  
whole tim e th e  f la s k  should  remain on the w ire gau ze, the
| jttr cenf. tuj. &aivktoo .
con tin u ou s em iss io n  o f  steam  from the neck b e in g  an e f f e c t i v e  
sa feg u a rd  a g a in s t  b a c k -o x id a tio n  o f  th e  F e h lin g 's  s o lu t io n  or  
th e  in d ic a to r  by a i r .  During a d d it io n s  o f  sugar s o lu t io n  to  
th e  b o i l in g  l iq u id  th e  b u r e tte  i s  h e ld  in  th e  hand; i f  th e  sh o rt  
o u t le t  tube 6 f  the b u r e tte  i s  ben t to  one s id e  perm anently the  
main b u r e tte  tube can be kep t out o f  th e  steam  w h ils t  th e  j e t  i s  
brought over th e  mouth o f  the f l a s k .
D u p lica te  t i t r a t i o n s  by t h i s  method sh ou ld  agree to  w ith in
0 .1  m l. in  th e  volume o f  sugar s o lu t io n  r e q u ir e d . In  th e  
t i t r a t i o n  o f  D ex tro se , la e v u lo s e ,  o r  in v e r t  sugar in  absence o f  
much su c r o se , th e  r e s u l t s  are not a p p re c ia b ly  a f f e c t e d  i f  the  
t o t a l  p e r io d  o f  b o i l in g  i s  reduced to  2 m ins. or pro longed  to  
4 or 5 m in s ., bu t w ith  la c t o s e  and m altose  and w ith  in v e r t  sugar  
in  p resen ce  o f  a la r g e  e x ce ss  o f su c r o se , i t  i s  a d v isa b le  to  
adhere ap p roxim ately  to  the t o t a l  b o i l in g  p e r io d  o f  3 m ins.
From th e  volume o f  sugar s o lu t io n  req u ired  th e  c o n c e n tr a tio n  
o f  th e  s o lu t io n  i s  found by r e fe r e n c e  to  the ap p rop ria te  Table!? 
Munson and Walker Method.
"Transfer 25 cc. each o f  s o lu t io n s  A and B o f  th e  S o x h le t  
rea g en t to  a 400 -cc  Jena or H on-sol beaker and add 50 co. o f  
red u cin g  sugar s o lu t io n , or i f  a sm a ller  volume o f  sugar s o lu t io n  
be used  add w ater to  make the f i n a l  volume 100 c c .  Heat the  
beaker upon an a sb e s to s  gauze over a bunsen burner, so r e g u la te  
th e  flam e th a t  b o i l in g  b eg in s in  four m in u tes, and co n tin u e  th e  
b o i l in g  fo r  e x a c t ly  two m in u tes. Keep th e  beaker covered  w ith
a w atch g la s s  throughout th e  e n t ir e  tim e o f  h e a t in g . W ithout 
d i lu t in g ,  f i l t e r  th e  cuprous o x id e  a t  once on a Groooh c r u c ib le ,  
u sin g  s u c t io n .  Wash th e  cuprous ox id e  th orou gh ly  w ith  w ater a t
a tem perature o f  about 60 C, then  w ith  10 cc o f  a lc b h o l and 
f i n a l l y  w ith  10 cc o f  e th e r . Dry fo r  3 0 m inutes in  a w ater  
oven a t  100 C, c o o l in  a d e s ic c a to r , and w eigh as cuprous o x id e  
or determ ine th e  copper by one o f  th e  methods g iv e n  on pages 
8 6 -90  C ir cu la r  o f  the Bureau o f  Standards Ho. 4 4 , 1918 .
The a n a ly t ic a l  procedure fo r  any one o f  th e se  sugars may be 
v e r i f i e d  by ca rry in g  out the o p era tio n  upon th e  stan dard  d ex tro se  
sample or upon the in v e r t  sugar s o lu t io n .
A ta b le  by Munson and Walker has been computed fo r  th e  
d eterm in ation  o f  red u cin g  sugar in  th e  p resen ce  o f  su c r o se  under 
c o n d it io n s  where a la r g e  q u a n tity  o f  red ucin g  su b sta n ce  i s  
p r e se n t and where a sm all q u a n tity  i s  p r e s e n t . I f  the com p osition  
o f  th e  m ixture i s  known ap p roxim ately , th e  w eigh t o f  su b stan ce  
req u ired  can be judged w ithou t a p rev iou s a s s a y . I f  l e s s  than  
10 per cen t o f  red ucin g  sugar i s  p r e se n t , a w eigh t o f  2 g .  o f  
t o t a l  sugar should  be taken in  50 c c .  I f  more than 10 per cen t
0 .4  g .  in  50 cc i s  th e  req u ired  amount. For unknown m ixtures  
i t  i s  b e s t  to  make an a n a ly s is  w ith  e ith e r  one o f  th e  amounts o f  
t o t a l  su g a r . This w i l l  serve e ith e r  as a p re lim in a ry  or f i n a l  
a ssa y  accord in g  to  the amount p r e se n t . The method a llo w s  g r ea t  
l a t i t u d e  o f  procedure."
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Dow's V olum etric  Io d id e  Method. ( J.A m er.C hem .Soc..2 4 .-0 . 1 0 8 2  and 
B u ll.B u r.C h em ., 107 , p .2 4 1 ) .
u
Cl) S ta n d a r d iz a tio n  o f  th e  T h iosu lp h ate  S o lu t io n . -  Prepare  
a s o lu t io n  o f  sodium th io su lp h a te  c o n ta in in g  about 19 g o f  the  
pure c r y s t a l s  to  the l i t e r .  S tan d ard ize  as fo l lo w s :  Weigh 
a c c u r a te ly  about 0 .2  g o f  pure copper f o i l  and p la c e  in  f la s k  o f  
about 250 cc c a p a c ity . D is s o lv e  by warming w ith  5 cc o f  a 
m ixture o f  equal volum es o f  stro n g  mi t r i e  a c id  ( s p .g r .  1 .4 2 )  
and w ater and th en  d i lu t e  to  about 50 c c .  B o il  fo r  a few  
m inutes to  e x p e l p a r t ia l ly  th e  red  fumes and th en  add 5 cc  o f  i
s tr o n g  bromine w ater and b o i l  u n t i l  th e  bromine i s  th orou gh ly  
e x p e lle d .  The bromine i s  to  in su re  th e  com plete d e s tr u c t io n  j
or removal o f  th e  red  fum es. Remove from th e h ea t and add a 
s l ig h t  e x c e ss  o f  s tro n g  ammonia w a ter . O rd in a r ily  i t  s u f f i c e s  
to  add 7 cc. o f  ammonia w ater o f  0 .9 0  s p .g r .  A gain b o i l  u n t i l  
th e  e x c e ss  o f  ammonia i s  e x p e lle d , as shewn by a change o f  co lo u r  
o f  th e  l iq u id  and a p a r t ia l  p r e c ip i t a t io n  o f  th e  copper as 
hydroxide or o x id e . Bow add stro n g  a c e t ic  a c id  in  s l i g h t  e x c e s s ,  
perhaps 3 or 4 cc o f  the 80 per cen t a c id  in  a l l  and a g a in  b o i l  
fo r  a moment i f  n ecessa ry  to  r e d is s o lv e  th e  copper p r e c ip i t a t e .
Cool to  room tem perature and add about 3 g o f  p otassium  io d id e  or 
6 cc o f  a s o lu t io n  o f  th e  s a l t  c o n ta in in g  50 g in  100 c c .  Cuprous 
io d id e  w i l l  be p r e c ip ita te d  and io d in e  l ib e r a te d  acco rd in g  to
th e  r e a c t io n .
Z  Cu (C^HjO,) + 4 KI*Ctt^I j ,  + 4 ( JC^H^Oj+2 X
The f r e e  io d in e  c o lo u r s  th e  m ixture brown* T itr a te  a t  once  
w ith  th e  th io su lp h a te  s o lu t io n  u n t i l  th e  brown t in g e  has become 
weak and th en  add s u f f i c i e n t  s ta r c h  l iq u o r  to  produce a marked 
b lu e  c o lo r a t io n *  Continue th e  t i t r a t i o n  c a u t io u s ly  u n t i l  th e  
co lo u r  due to  f r e e  io d in e  has e n t i r e ly  vanished* The b lu e  
co lo u r  changes toward th e  end to  a f a in t  l i l a c *  I f  a t  t h i s
p o in t  th e  th io su lp h a te  be added drop by drop and a l i t t l e  tim e  
be a llo w ed  fo r  com plete r e a c t io n  a f t e r  each a d d it io n , th e r e  i s  
no d i f f i c u l t y  in  determ in ing th e  end p o in t w ith in  a s in g le  drop. 
One cu b ic  c e n tim e te r  o f  the th io su lp h a te  s o lu t io n  w i l l  be found  
to  correspond to  about 0 .005  g o f  copper. The r e a c t io n  betw een  
th e  th io su lp h a te  and th e  io d in e  i s :
23Ja2 S2 0^ -r- 21.» 2KaI + Baa S^06
The s ta r c h  liq u o r  may be made by b o i l in g  about 0 .5  g o f  
s ta r c h  w ith  a l i t t l e  w ater and d i lu t in g  w ith  hot w ater to  about 
250 o c .  The l iq u o r  sh ou ld  be homogenous and f r e e  from lum ps.
I t  sh ou ld  be used c o ld  and must be prepared fr e q u e n t ly .
(2 ) A n a ly s is .  -  A fte r  washing the p r e c ip i ta te d  cuprous 
o x id e , cover the Gooch c r u c ib le  w ith  a watch g la s s  and d is s o lv e  
th e  ox id e  by means o f 5 cc o f  warm n i t r i c  a c id  ( I  : I )  poured  
under the watch g la s s  w ith  a p ip e t t e .  Catch the f i l t r a t e  in  a 
f la s k  o f  250 cc c a p a c ity  and wash watch g la s s  and Gooch c r u c ib le  
f r e e  o f  copper; 50 cc o f  water w i l l  be s u f f i c i e n t .  B o il  to  
ex p e l red  fum es, add 5 cc o f  bromine w ater , b o i l  o f f  th e  bromine 
and proceed  as in  the sta n d a rd iz in g  o f  the t h io s u lp h a t e .11
The Permanganate Method. The same procedure i s  fo llo w e d  as  
in  Munson and Walker?s method, hut th e  p r e c ip i t a t e  o f  cuprous 
o x id e  to g e th e r  w ith  th e  a sb e s to s  i s  tr a n s fe r r e d  to  a b eak er , and 
mixed w ith  50 c c .  o f  a co n cen tra ted  s o lu t io n  o f  pure f e r r i c  
su lp h a te  in  20 per c e n t ,  su lp h u r ic  a c id . The p r e c ip i t a t e  
i s  d is s o lv e d  w ith  th e  a id  o f  heat and th en  th e  whole c o n te n ts  
o f  th e  beaker are tr a n s fe r r e d  to  a c o n ic a l  f l a s k .  A fte r
o 0
b ein g  c o o le d  to  betw een 60 and 70 C. the m ixture i s  t i t r a t e d  
w ith  a s o lu t io n  o f  P otassium  Permanganate c o n ta in in g  5 gms. 
per l i t r e .
This s o lu t io n  had been p r e v io u s ly  sta n d a rd ized  fo r  
copper v a lu e  a g a in s t  th io su lp h a te  s o lu t io n  as used in  Lowfs 
method.
In a l l  th e  e s t im a tio n s  c a r r ie d  out by th e  Munson-Walker 
proced ure, th e  c r u c ib le  c o n ta in in g  the p r e c ip ita te d  cuprous 
o x id e  was heated  fo r  1 hour in  the m u ffle  fu rn ace  and th e  
cuprous o x id e  was thus con verted  to  cuprio  o x id e . By 
r e fe r e n c e  to  th e  s p e c ia l  t a b le ,  the w eigh t o f  sugar corresp on ­
ding to  th e  w eigh t o f  ox id e  was o b ta in ed .
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B efore p roceed in g  w ith  th e  exam ination  o f  sam ples o f  
m o la sse s , i t  was co n sid er ed  a d v isa b le  to  work w ith  su b sta n ces  
o f  known p u r ity  in  order to  form some id ea  o f  th e  r e l a t iv e  
accu racy  o f  th e  methods and th e  need fo r  s p e c ia l  p r e ca u tio n s  in  
m a n ip u la tio n .
Pure anhydrous d ex tro se  (A .R .) was s e le c t e d  fo r  t h i s  p u rp ose . 
V arious t e s t  q u a n t it ie s  and s o lu t io n s  were made up by a d i s in t e r ­
e s te d  a s s i s t a n t  and a n a ly sed  by th e  author by d i f f e r e n t  m ethods. 
Q u a n tit ie s  were a ls o  g iv e n  to  o th er  workers com p risin g ex p er ien ced  
sugar a n a ly s ts  and s tu d e n ts  in  tr a in in g , who r ep r e se n t the  
v a r io u s  s ta g e s  o f  p r o f ic ie n c y  to  be encountered  in  com m ercial 
sugar la b o r a t o r ie s .  The r e s u l t s  were compared w ith  th e  w e ig h ts
fcq. IS9.
o f  m a ter ia l g iv e n  fo r  th e  t e s t s .  The l e t t e r s  r e f e r  to  th e  
d if f e r e n t  a n a ly s t s .
I t  w i l l  be se en  from the stu dy  o f  Table K S ith a t  th e  accu racy  
o f  the Lane-jEynon method i s  c le a r ly  e s ta b l is h e d .
The p ercen tage  d if fe r e n c e s  ob ta in ed  in  a l l  th e se  methods 
appear to  be somewhat h igh , bu t t h i s  i s  due to  th e  f a c t  th a t  o n ly  
a p o r t io n  o f  th e  d extrose  s o lu t io n  g iv e n , or made up, was used f o r  
th e  e s t im a t io n , and any sm all error  in  th e  r e s u l t  was m agn ified  
c o n s id e r a b ly  when the percentage on th e  b a s is  o f  th e  o r ig in a l  
velume was c a lc u la te d .
TABLE. R.5.1.
Method
la n e  and ]$ynon.
A. B* 0 . D. E. P.
Wt. g iv e n , gms* 1 .5 0 0 0 1 .5 4 8 0 1 .3645 1 .4035 1 .5 6 3 0 0 .8 6 2 0
T found, " 1 .5064 1 .5 5 1 0 1 .3739 1 .3 9 8 2 1 .5 5 8 6 0 .8600
D iffe r e n c e
per cen t + 0 .4 2 + 0 .19 + 0 .69 -0 .3 8 -0 .2 8 - 0 .2 3
Method*
Munson & W alker.
Wt. g iv e n , gms. 1 .5 0 0 0 1 .5 4 8 0 1 .3645 1 .4 0 3 5 1 .5 6 3 0 1 .8 9 6 0
" found, 11 1 .4 5 2 0 1 .4795 1 .3 3 2 0 1 .3 8 2 0 1 .5 1 1 3 1 .9 3 4 0
D if fe r e n c e
per cen t* —3% 20 -4 .4 3 -2 .3 8 - 1 .5 3 -3 .1 8 + 2 .0 0
Low's Method*
Wt* g iv e n , gms* 1 .5 0 0 0 1 .5 4 8 0 1 .3645 1 .4 0 3 5 1 .5 6 3 0 1 .7 7 1 7
” found , " 1 .4 5 7 0 1 .6 0 3 0 1 .3 3 0 0 1 .3575 1 .5398 1 .7 8 5 0
D iffe r e n c e  
per cent* -2 .8 7 + 3 .4 3 -2 .5 3 -3 .2 8 -1 .4 9 + 0 .7 5
Permanganate
Method.
Wt. g iv e n , gms. 1 .5 0 0 0 1 .5480 1 .3645 1 .4 0 3 5 1 .5 6 3 0 1 .5 8 3 8
n found, " 1 .4430 1 .5920 1 .3590 1 .3475 1 .5 4 9 0 1 .5 9 3 0
D iffe r e n c e  
per cen t* -3 .8 0 + 2 .84 -0 .4 0 -3 .9 9 -0 .9 0 + 0 .5 8
The exam ination  o f  sampj.es o f  d i f f e r e n t  ty p e s  o f  m o lasses  
was n ex t undertaken . Each sample was a n a ly sed  by th e  fou r  
m ethods, th e  procedure in  each case  b e in g  e x a c t ly  as d e sc r ib ed  
p r e v io u s ly , and d u p lic a te  and som etim es q u a d ru p lica te  t e s t s  
were made s im u lta n e o u s ly .
The c o n c e n tr a tio n  o f  th e  s o lu t io n  fo r  th e  E-L t e s t s  was 
1 .0 4  per c e n t ,  and fo r  o th e rs  0 .8  per c e n t .
C la r i f i c a t io n  o f  the s o lu t io n  in  th e  d ir e c t  t i t r a t i o n  
method was e f f e c t e d  by means o f  normal le a d  a c e ta te  s o lu t io n ,  
th e  e x c e ss  o f  le a d  b e in g  removed by th e  a d d it io n  o f  potassium  
o x a la te  as d escr ib ed  in  the J .S .C .I . ,  1923, 4 2 . In  th e  
o th er  c a s e s ,  a f t e r  the s o lu t io n  o f  m olasses had been made up 
to  the req u ired  volum e, 1 gm. o f  k ie se lg u h r  was added, and 
th e  l iq u id  shaken up and f i l t e r e d .
Table r s s . h - s h e w s  the r e s u l t s  o f  th e se  t e s t s .
With c e r ta in  v a r ie t ie s  o f  m o la sse s , n o ta b ly  H onolulu,
N ata l and some r e f in e r y  sam ples, co n sid era b le  d i f f i c u l t y  was 
met w ith  when f i l t e r i n g  and washing th e  p r e c ip i t a t e  o f  cuprous 
o x id e , due no doubt to  the gummy nature o f  th e  o r ig in a l  
m a te r ia l .
The te d io u s  procedure in  a l l  the methods ex cep t the  
f ir s t-n a m e d  in v o lv e s  a t te n t io n  to  d e t a i l  and th e d is p la y  o f  
m an ip u la tive  s k i l l  th a t  are seldom  to  be encountered  in
in d u s tr ia l  p r a c t ic e .
In c o n tr a s t  w ith  t h i s ,  the s im p l ic i t y  o f  th e  Lane-Eynon
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Sample. la n e  & Tiynon Munson & umlker Permanganate lo w 's  T hiosu lphate Mean o f  a l l
Method. Method. Method. Method Pour M ethods.
I . I I . Mean. I . I I . I I I . 17. Mean - I . I I . Mean. I . I I . Mean.




| 24.38 24.39 j 24 .39
?
1 2 4 .8 8]
Cuban 1 5 .6 3 1 5 .5 7 1 5 .6 0 1 5 .6 5 15 .92 1 5 .79 1 5 .8 2 15 .76 | 15 .79 | 15.77 15 .71 (1 5 .7 4 j 1 5 .73
Egyptian 1 6 .5 0 1 6 .5 0 1 6 .5 0 1 6 .5 6 1 6 .4 5 1 6 .4 5 16.36 1 6 .4 6 1 6 .7 7 1 6 .67 ! 16 .72S | 16.59
1 6 .47 }1 6 .5 3
,1
j 1 6 .5 5
)
Hawaiian 1 7 .2 8 1 7 .2 8 1 7 .2 8 17 .39 1 7 .5 2 1 7 .46 1 7 .85 17 .79 j 17 .82 117.19
1
1 7 .3 0 | 1 7 .25 j 1 7 .45
H onolulu 1 3 .3 2 1 3 .3 2 1 3 .3 2 1 3 .9 5 1 4 .01 1 3 .8 0 13.78 1 3 .64 1 4 .01 1 3 .8 0 j 13 .91 13.48 13 .42 !1 3 .4 5 | 13 .58








Java I . 2 3 .4 0 2 2 .93 2 2 .9 3 2 2 .93 23 .70 | 22.80 23 .21
Java I I . 2 3 .1 1 2 2 .9 3 2 3 .0 2 2 2 .8 7 2 2 .8 1 2 3 .21 23.08 22 .99 23 .31 23 .46 23.39 23.16
'
23 .23 2 3 .20 23 .15
Manila 3 0 .7 6 3 0 .7 6 3 0 .76 3 0 .54 30 .49 3 0 .52 30.75 30 .56 30 .55 30 .73 1 30.68 30.19 30 .21 3 0 .2 0 30 .55
H atal 1 4 .4 6 1 4 .4 5 1 4 .4 6 1 4 .1 3 1 4 .2 2 1 4 .07 14.18 1 4 .15  | 1 4 .2 0 14 .16 14 .18 14.05 1 4 .0 0 14 .03 14 .21
West
In d ian . 1 7 .0 3 1 6 .9 8 1 7 .0 1 1 6 .8 3 1 6 .8 7 16 .92 16.82
j
■;
16 .86  | 16 .81 16 .82 16 .82 16.81 16 .82 16 .82 1 6 .88
Golden




47 .96 48 .08 48 .02 47 .93 4 7 .8 6 4 7 .9 0 4 7 .8 3
method i s  acknowledged by a l l  who have used i t .  Even in  
th e  hands o f  u n s k il le d  o p era tors a h igh  degree o f  accu racy  
can be o b ta in e d . In order to  prove t h i s ,  a t e s t  sample 
o f  m o la sses was procured from M essrs. I&non and la n e , w ith  
a n o te  o f  the in v e r t  sugar co n ten t as found by th e m se lv e s .
The m o la sses  was a n a ly sed  by th ree  o th er  workers as w e ll  
as by th e  a u th o r , w ith  the fo llo w in g  r e s u l t s :
Sample: Hawaiian M o la sses .
1 • A* S . C. Eynon 80 l a n e .
In v e r t Sugar foun d . 1 7 .3 3  1 7 .2 8  1 7 .2 8  1 7 .2 2  1 7 .4 0
The r a p id it y  w ith  which the lane-E ynon t e s t  can be 
c a r r ie d  out i s  in  i t s e l f  a s u f f i c i e n t  recom m endation. The 
d eterm in a tio n  o f  th e  red ucin g  sugars in  m o lasses can be 
com pleted  by even th e  most l e i s u r e ly  worker in  l e s s  than one 
hour (as a g a in s t  1 ^ - 2  hours by the o th er  m eth od s). The 
f a c t  th a t  i t s  accuracy i s  o f such high order sh o u ld  encourage  
i t s  w ider a p p l ic a t io n .
SUMMARY OF PART I I  .
A fter  an e x te n s iv e  in v e s t ig a t io n  in to  th e  four methods 
in  g e n e ra l u se  in  th e  Sugar In d u stry  fo r  the a n a ly s is  o f  
Reducing Sugars (In v e r t S u gar), the author recommends th a t
"In v iew  o f  th e  s im p l ic i t y  o f  th e  procedure in  
th e  Lane and Eynon method, and the accu racy  o f  
r e s u l t s  a t ta in a b le  by i t s  u se , t h i s  method sh ou ld  
be o f f i c i a l l y  recommended fo r  th e  d e term in a tio n  
o f  In v er t Sugar in  Cane m o lasses and R e fin er y  
P ro d u cts•"

2ART III .
The d e term in a tio n  o f  ash i s  o f  c o n s id e r a b le  im portance  
in  the t e c h n ic a l  a n a ly s is  o f  sugar fa c to r y  p r o d u cts , and i t  
i s  c a r r ie d  out "by one o f th e  fo llo w in g  m ethods:
1 . In c in e r a t io n .
2 . H e c tr o m e tr ic  means.
1 .  The ash produced by d ir e c t  in c in e r a t io n  i s  r e fe r r e d  
to  in  th e  sugar in d u stry  as TTcarbonate a sh ” , but the g e n e ra l  
procedure i s  to  add su lp h u r ic  a c id  p r io r  to  th e  in c in e r a t io n  and 
from th e r e s u lta n t  "su lphated  ash" a d ed u ction  o f  10 per c e n t ,  
i s  made to  co n v ert th e  "su lph ated  ash" to  what i s  termed  
"normal ash " .
In  t h i s  work the term su lp h a ted  ash  w i l l  be used to  
in d ic a te  th e  w eight o f  ash  ob ta in ed  by in c in e r a t io n  a f t e r  
adding con c . su lp h u r ic  a c id , l e s s  10 per c e n t .
I t  should  be m entioned here th a t th e  r e s u l t s  o b ta in ed
by the above two methods do not agree w ith  each o th e r . I t
was form erly  con sid ered  th a t carbonate ash  was the more 
r e l ia b le  f ig u r e .  Withrow and Jamison (In d . and Eng. Chem.
1923) s tr o n g ly  supported th e  view  th a t  i t  was more a ccu ra te  
than th a t  ob ta in ed  by th e  su lp h a tio n  method, but th ey  
recommend a deduction  o f 33 per c e n t , from a c id  tr e a te d  ash
in  the case  o f  Cuban raw su g a r .
The H .S .P .A . deducts 25 per c e n t ,  when d e a lin g  w ith  
f i n a l  m o la sse s .
On th e  o th er  hand, Browne and Gamble, (P a cts  about Sugar 
D ec. 1 9 2 3 ) , proved th a t  th e  carbonate ash  was su b je c t  to  
g r e a t  v a r ia t io n  owing to  the v o l a t i l i t y  o f th e  c h lo r in e ,  
sulphur and oth er  c o n s t itu e n ts  o f  th e  m o la sse s , a t  th e  
tem perature a t  which a sh in g  i s  con d u cted . Lunden (2 . v er  
d e u t. 2u ck er in d . 75, 1925) supported t h i s  v iew .
S t r i c t l y  sp eak in g , n e ith e r  the carbonate nor th e  
su lp h a ted  a s h ,a f t e r  10 per c e n t ,  d ed u ction , g iv e s  a c o r r e c t  
in d ic a t io n  o f  the q u a n tity  o f  s a l t s  o r ig in a l ly  p r e se n t in  
th e  su b stan ce  under exam in ation , but the l a t t e r  f ig u r e  i s  now 
g e n e r a lly  rec o g n ize d  as the one capable  o f  c lo s e  rep ro d u ctio n  
in  "check" t e s t s .
As a r e s u l t  o f  many a n a ly s e s , th e  p r e se n t author formed  
th e  o p in io n  th a t i t  i s  im p o ssib le  to  g e t  c o rr o b o r a tiv e  r e s u l t s  
w ith  m olasses when d ir e c t  in c in e r a t io n  i s  em ployed. A 
d if fe r e n c e  o f  over 1 per c e n t , was fr e q u e n tly  found in  d u p lic a te  
t e s t s  o f  the same sam ples oWing to  the ir r e g u la r  d ecom p osition  
o f  c e r ta in  o f  the s a l t s  a t  th e  tem perature o f  th e  m u ffle  
furn ace u sed . When, however, the su lp h a tio n  was used , 
rem arkably c lo s e  agreement was always o b ta in ed . See Table 
p g . i6 e
The A.O.A.C. perm its the use o f  both  tfee d ir e c t  in c in e r a ­
t io n  and su lp h a tio n . The H .S .P .A . recommends the d eterm in ation
o f  carb onate ash  i f  a m u ffle  furn ace i s  a v a i la b le ,  o th erw ise  
the su lp h a te  ash  sh o u ld  be determ ined u sin g  a d ir e c t  flam e fo r  
th e  h e a t in g .
The In te r n a t io n a l Commission, 1933, recommended the  
use o f  the su lp h a tio n  method fo r  m olasses^ w ith  10 per c e n t ,  
d ed u ctio n . The e le c tr o m e tr ic  method, w hich i s  o f  compara­
t i v e l y  r e c e n t  in tr o d u c t io n , has not y e t  been d is c u s se d .
The procedure fo r  ca rry in g  out th e  e s t im a tio n s  i s  as 
f o l lo w s :
Carbonate a sh . 3 -5  gins, o f  the sample are a c c u r a te ly  w eighed, 
p r e fe r a b ly  in  a p latinum  b a s in  o f  80-100 c c .  c a p a c ity , to  
which a g e n t le  heat i s  a p p lie d . The mass s w e l ls  up and 
c a r b o n iz e s , and u n le ss  care i s  e x e r c is e d  i t  may o v erflo w  the  
b a s in . A fte r  a l l  the sugar has been ch arred , the b a s in  i s  
heated  in  the m u ffle  furn ace a t  a d u ll  red  h eat (about one 
hour’s h ea tin g  i s  s u f f i c i e n t ) ,  co o led  in  a d e s ic c a to r , covered  
w ith  a watch g la s s  and w eighed .
Sulphated  a sh . 3-5  gms. o f  the sam ple are a c c u r a te ly  w eighed  
out as above, and about 2 c c .  o f  con c . su lp h u r ic  a c id  are  
poured over i t .  The d ish  i s  then  g e n t ly  heated  u n t i l  the  
sam ple i s  ca ra m elized . The ash in g  i s  com pleted  in  th e  furnace  
as above. Prom the percen tage o f  ash so o b ta in ed , a d ed u ction  
o f  10 per c e n t , i s  made, the balan ce b e in g  rep o rted  as
4c/'ln«.aL
"normal ash" or sometimes "Sulphated ash " .
Both o f  th ese  methods are o f f i c i a l l y  r ec o g n ize d , but
some m o d if ic a t io n s  have been made. The American in s t r u c t ­
io n s  ( B u l l .  107 U .S . Bur. o f  Chem.) s t a t e  th a t  a p latinum  
b a s in  should  be u sed . The H .S .P .A . method recommends 
platinum  but a lso  perm its the use o f  s i l i c a  and "even  
p o r c e la in "  ( s i c . )  d is h e s .
The author found th a t  r e s u lt s  o b ta in ed  when u sin g  
fu sed  s i l i c a  ware were always low er than  th o se  o b ta in ed  in  
p latinu m  and p o r c e la in  d is h e s . I n v e s t ig a t io n  shewed th a t  
s i l i c a  d ish e s  p r o g r e s s iv e ly  l o s t  w eigh t on b e in g  h ea ted , 
and because o f  t h i s  gave erroneous r e s u l t s  whenever th ey  
were u sed .
A ll  th e  t e s t s  rep o rted  in  t h is  s e c t io n  were c a r r ie d  out 
in  t r i p l i c a t e ,  two in  p latinum  b a s in s  and one in  a f l a t  
p o r c e la in  d is h . In every  case  rem arkably c o r r o b o r a tiv e  
r e s u l t s  were o b ta in ed , proving th e  s u i t a b i l i t y  o f  p o r c e la in  
fo r  t h i s  purp ose.
This confirm s the f in d in g s  o f Withrow and Jamison ( l o c .  
c i t . )  in  t h is  c o n n ec tio n .
The su lp h ated  ash method has been m o d ified  by some 
workers who recommend double su lp h a tio n . A fter  th e  f i r s t  
a sh in g , a few drops o f  con c . su lp h u ric  a c id  are added to  the  
r e s id u e , and a fu r th er  ig n i t io n  o f  the b a s in  v o l a t i l i z e s  the  
a c id , a f t e r  which the b a s in  i s  c o o le d  and w eighed .




Sample 1 . z .  3.
R e fin e r y  m o la sse s . 4 .9 5  5 .5 2  4 .5 2
H atal " 7 .7 3  8 .9 1
Sulphated  Ash. (Double su lp h a tio n  l e s s )
(10 per c e n t .  )
R e fin e r y  m o la sse s . 7.96(m ean o f  5 t e s t s )
H atal 1 1 .8 3 1 2 .0 2 12 .09
West Ind ian 9 .6 0 9 .8 1 9 .7 5
A ntigua 9 .5 3 9 .6 1 9 .6 4
Hawaii 14 .49 1 4 .7 5 1 4 .6 4
P h ilip p in e 6 .2 0 6 .3 1 6 .2 8
Cuba 8 .9 7 8 .9 9 8 .9 9
E gyp tian 13 .49 1 3 .3 3 1 3 .7 6
Java 10 .41 1 0 .3 0 1 0 .2 0
T ests  Nos. 1 and 2 were c a r r ie d  out in  p latinum  b a s in s ,  
Hos. 3 in  p o r c e la in  d is h e s .
The author in v e s t ig a te d  t h i s  p o in t , s in c e  to  h is  
p erso n a l knowledge th e  custom ary method in  in d u s tr ia l  
p r a c t ic e  i s  to  add th e  a c id  on ly  to  th e  sam ple b e fo re  h e a t in g .
The w e ig h ts  o f  the ash o b ta in ed  by s in g le  su lp h a tio n  were 
n o te d , and then  another 10 drops o f a c id  were added. A fte r  
a fu r th e r  ig n i t io n ,  th e  d ish  was c o o le d  and w eigh ed . In every  
c a se  an in c r e a se  in  w eig h t was ob served .
The a d d it io n  o f  a c id  to  th e  a sh , which was u s u a lly  dark 
g rey  in  c o lo u r , caused  the odour o f  su lp h u r e tte d  hydrogen to  
become d i s t i n c t l y  p e r c e p t ib le .  Some o f  th e  o r ig in a l  sample 
was th en  in c in e r a te d  w ith ou t a c id , and th e  r e s u lta n t  ash  
t e s t e d  fo r  su lp h id e  r a d ic le .  In every  c a se  th e  t e s t  was 
n e g a t iv e .  This in d ic a te d  th a t  i t  cou ld  o n ly  have been  
produced as a r e s u l t  o f the f i r s t  su lp h a tio n , by the a c t io n  
o f  th e  carbon on the su lp h u r ic  a c id .  The secon d  su lp h a tio n  
con verted  the su lp h id e  to  su lp h a te .
The in c r e a se  in  w eight in  a l l  the c a se s  a s  a r e s u l t  o f  
the second a p p lic a t io n  o f  a c id  appears to  confirm  t h i s .
The q u a n tity  o f  su lp h u ric  a c id  used by d i f f e r e n t  au th or­
i t i e s  fo r  th e  f i r s t  su lp h a tio n  v a r ie s  betw een 0 .5  and 3 c c .
I t  was found th a t  the q u a n tity  used i n i t i a l l y  was n o t so
im portant; su lp h id e  was always produced and had to  be o x id iz e d  
by the second a d d it io n  o f  a c id  to  the a sh .
The n e c e s s i ty  for  double su lp h a tio n  does n ot appear to  be 
f u l l y  r e a l iz e d  by th ose  usin g  the a c id  trea tm en t, but the
author I s  con v in ced  o f  th e  im p o s s ib i l i t y  o f  o b ta in in g  tru e  
r e s u l t s  o th e r w ise .
The o b je c t  in  ca rry in g  out th e  work in  t h i s  p a r t o f  
th e  r e se a r c h , was to  t r y  to  f in d  a s im p le  method o f  
d eterm in in g , by e le c tr o m e tr ic  means, the a sh  c o n te n ts  o f  
m o la sse s , comparing the r e s u l t s  so o b ta in ed  w ith  th o se  
fo r  su lp h a ted  ash , which i s  the a ccep ted  stan d ard  a t  
p r e se n t .
The e le e tr o m e tr ic  method as used in  th e  sugar in d u str y  
w i l l  th e r e fo r e  be d isc u sse d  in  d e t a i l .














1 7 2 ,
2 . E le c tr o m e tr ic  m ethods#
About th e  year 1909 some C on tin en ta l in v e s t ig a t o r s  
s tu d ie d  th e  r e la t io n  betw een th e  ash c o n ten t o f  sugar products  
and t h e ir  c o n d u c t iv ity , but i t  was n o t u n t i l  1924 th a t  
a t t e n t io n  was d ir e c te d  to  the d eterm in ation  o f  ash  by e le c t r o ­
m etric  m ethods. In t h i s  f i e l d ,  the names o f  Lunden and 
Toedt are prom inent in  co n n ec tio n  w ith  t h e ir  work on b ee t  
p rod u cts (Z . ver  d eu t. Zuck. 1 9 2 5 ), and Zerban and S a t t le r  
have c o n tr ib u te d  v a lu a b le  data in  r e s p e c t  o f  cane products  
(F a c ts  about Sugar 1 9 2 6 -2 7 -2 8 .$ •
I t  I s  s t a te d  by Spencer (Handbook) th a t  th e  r e s u l t s  o f  
e le c tr o m e tr ic  ash d eterm in a tio n s are "comparable in  accu racy  
w ith  su lp h a ted  ash  d eterm in ation s made under th e  most e x a c tin g  
rese a rc h  c o n d it io n s " .
The e le c tr o m e tr ic  e s t im a tio n  o f  th e  ash co n ten t o f  sugar  
produ cts i s  based  on th e  f a c t  th a t  d i s t i l l e d  w ater and a ls o  
s o lu t io n s  o f  pure su cro se  in  d i s t i l l e d  w ater have o n ly  a v e ry  
low  e l e c t r i c  c o n d u c t iv ity .  The p r e sen ce , however, o f  
im p u r it ie s  c o n s is t in g  o f  in o rg a n ic  and a ls o  organ ic  s a l t s ,  
ca u ses io n ic  d is s o c ia t io n ,  and from a knowledge o f  th e  
c o n d u c t iv ity , i t  i s  p o s s ib le  to  e s t im a te  th e  p ercen tage  o f  
m ineral m atter or "ash" p r e s e n t .
The apparatus used fo r  t h i s  purpose i s  shewn on page 
I t  c o n s i s t s  o f  a r e s is ta n c e  b rid ge o f  s p e c ia l  d e s ig n  and a  
c e l l  having platinum  e le c t r o d e s .  In  v iew  o f  th e  n e c e s s i t y
1 7 3 .
o f  working a t  a c o n sta n t tem p erature, t h i s  c e l l  was p la c ed  
in  a w ater h a th , which was formed by c u t t in g  a 2 - l i t r e  
b o t t l e  through th e  m iddle and u s in g  th e  neck p o r t io n  
in v e r te d , fo r  the w ater bath* Water a t  a c o n sta n t tem pera­
tu re  o f  20°C* was p assed  in  from a th e r m o s ta t ic a l ly  c o n tr o l le d  
c ir c u la to r *  A microphone hummer i s  in co rp o ra ted  in  th e  
b rid ge  box and s e n s i t i v e  headphones are used to  d e te c t  th e  
change in  note*
D eterm in ation  o f  th e  c e l l  c o n s ta n t* The v a lu e  o f  th e  c e l l  
c o n sta n t w hich depends on th e  s i z e  o f  th e  e le c tr o d e s  and 
t h e i r  d is ta n c e  a p a tt  i s  determ ined by f in d in g  th e  r e s is ta n c e  
o f  a s o lu t io n  o f  known c o n d u c tiv ity *  For t h i s  purpose a  
H /100 s o lu t io n  o f  P otassium  C h loride was made up by d is s o lv in g  
0*746 gms* o f  pure KC1 in  d i s t i l l e d  w ater and making i t  up 
to  1 l i t r e *  The c o n d u c t iv ity  o f  t h i s  s o lu t io n  i s  0*001278  
a t  20° C.
The*value o f  th e  c e l l  co n sta n t i s  re-d eterm in ed  from  
tim e to  tim e* In t e s t in g  sugar s o lu t io n s  a c o r r e c t io n  i s  
made fo r  th e  c o n d u c t iv ity  o f  the d i s t i l l e d  w ater used  in  
making up th e  so lu tio n *  Ko c o r r e c t io n  i s  c o n sid ered  
n e c e ssa r y  fo r  th e  e f f e c t  o f  th e  a c id i t y  o f  sugar prod u cts on 
th e  c o n d u c t iv ity . The r e s is ta n c e  o f  a s o lu t io n  i s  determ ined  
as fo l lo w s :
The sw itc h  "A" i s  s e t  a t  TTx l ?t and th e sw itc h e s  ,TB", lTC", 
,TDT and "EIT a t  zero* Sw itch  ”E" i s  now r o ta te d  through 1 ,
2 , 3 , e t c .  to  10 u n t i l  a p o in t  i s  reached where th e  n o te  
d isa p p ea r s , th en  a t  th e  n ex t h ig h er  number reappears* I f  
no such  p o in t  i s  reach ed , th e  p o in te r  o f  sw itc h  "E" i s  l e f t
a t  10 and th e  procedure i s  r ep ea ted  w ith  sw itc h  "D", and
i f  n e c e ssa r y  w ith  sw itc h  ”0" le a v in g  TTDn a t  10*
I f  when sw itc h e s  "C", "B" and "E" are a l l  a t  1 0 , the  
n o te  has n ot d isap p eared , sw itc h  "A" i s  turned  to  ,fx 3 n, and 
s t a r t in g  w ith  nCn, "D" and "E" a t  0 th e  o p e r a tio n s  d e sc r ib ed  
above are r ep e a te d .
With pure products i t  w i l l  be n e c e ssa r y  to  use th e  
apparatus w ith  sw itc h  "A" on "xlO", and som etim es on "x50".
The r ig h t  " m u ltip lier"  having been  found, th e  f i r s t  
o p e r a tio n  d escr ib ed  above i s  rep ea ted , but in  a r e v e r se  
d ir e c t io n ,  i . e *  s t a r t in g  w ith  sw itc h  "C" u n t i l  th e  n o te  o f  
th e  hummer i s  a t  i t s  minimum i n t e n s i t y .
Knob "B" i s  now r o ta te d  u n t i l  a p o in t  i s  reached  a t
which th e  d im inution  o f  the n ote  no lo n g e r  c o n t in u e s . The 
Compensation Range (sw itc h  "F") sh ou ld  be s e t  a t  about th e  
most con ven ien t p o s i t io n  to  a llo w  knob "B" to  be used  a t  
about th e  m iddle o f  th e  c a lib r a t io n *  In g e n e r a l, h ig h ly  
r e f in e d  products c a l l  fo r  Range 1 , and low -grad es fo r  Range 3* 
The b a la n c in g  o p era tio n s o f  the sw itc h e s  "Cw, "D" and "E" 
are now rep ea ted  u n t i l  th e  n ote  o f  the hummer e n t ir e ly  
d isap p ears or reaches i t s  minimum i n t e n s i t y .
The r e s is ta n c e  o f  the s o lu t io n  i s  th en  read o f f  from  
th e  d ia l s  "Cn, "Dn and nEn and th e  m u lt ip l ie r  "A"; e . g . ,  i f  
"C" i s  a t  5; TfD" a t  9 and nEn a t  7; and th e  m u lt ip l ie r  "A" 
i s  a t  nx3", th e  R e s is ta n c e  in  ohms w i l l  he :
597 x  3 ~  1791 ohms.
I f  TA,T harf been a t  xlO th e  r e s is ta n c e  would have been  
5970 ohms; i f  a t  x50 i t  w ould have been  29850 and c o n v e r se ly  
i f  i t  had been  a t  x l  i t  would have been 597 ohms* (In  
reco rd in g  th e  R e s is ta n c e , no n o t ic e  i s  taken  o f  th e  s e t t in g  
o f  the Compensator TTBrr or th e  Compensator Range (S w itch  ,TFtT) 
w hich i s  in co rp o ra ted  in  the instrum ent s o l e l y  in  order to  
make th e  b a la n c e -p o in t  more a ccu ra te  and e a s ie r  to  determ ine*
C a lc u la tio n  o f  th e  Ash C on ten t.
The S p e c i f ic  Conductance o f  a s o lu t io n  i s  found by 
d iv id in g  th e  o e l l  co n sta n t by the f ig u r e  found fo r  th e  
r e s is ta n c e  in  ohms, th u s:
S p e c i f ic  Conductance (S p .C .)  C e ll C onstant
R e s is ta n c e  in  Ohms*
C orrection s must be made fo r  th e  c o n d u c t iv ity  o f  th e  
d i s t i l l e d  w ater and a lso  fo r  th e  tem perature, i f  o th er  than  
20° C. be used* but as a l l  th e  e le c tr o m e tr ic  d eterm in ation s  
on m olasses here rep orted  were c a r r ie d  out a t  2 0 °C. no 
c o r r e c t io n s  fo r  tem perature were n e c e ssa r y .
In the ca se  o f  raw su g a rs , fo r  th e  ash co n ten t o f  which
th e  e le o tr o m e tr ic  d eterm in ation  i s  o f f i c i a l l y  recommended^ 
th e  fo llo w in g  i s  th e  method o f  c a lc u la t io n ,  u s in g  a 
5 per c e n t ,  s o lu t io n :
Ash per c e n t ,  in  sample =  Sp.C x  g  x  100
W eight o f  sample in  lO O co .S o lu tio n .
Where K i s  a s p e c ia l  f a c to r  worked ou t fo r  v a r io u s  
ty p e s  o f  raw su gars by Zerban and h is  co-w orkers as an 
e x p r e ss io n  o f  th e  r e la t io n s h ip  betw een th e  s p e c i f i c  conductance  
and th e  (su lp h a te d ) ash  o f  the su g a r . This fa c to r  ( fo r  5 ° B rix  
s o lu t io n )  v a r ie s  betw een 7 8 .6  fo r  N ata l su gars and 8 7 .8  fo r  
Cuban raw su g a r s . The average f ig u r e  taken by Zerban fo r  
cane su gars i s  8 1 .8 .
The fa c to r s  must be e s ta b l is h e d  by each in v e s t ig a to r  
fo r  every  c la s s  o f  sugar d e a lt  w ith , w ith  s o lu t io n s  a lw ays  
a t  5° B r ix . e .g .
T rin id ad  Raw Sugar.
10 gms. made up to  200 c c .  w ith  d i s t i l l e d  w a te r .
Sp .C . o f  d i s t i l l e d  w ater * 0 .0000162 mhos.
C e ll C on stan t. = 0 .2 8  
K. s 8 3 .7
Sp.C . 0 .2 8  % 0 .000304 mhos.
S2o~
Sp.C . due to  a sh . 0 .000304 -  0 .0000162
0.000278
Per c e n t ,  ash 0.000278  x  8 3 .7  x  100  
-------------------5------------------------
When d e a lin g  w ith  a raw sugar o f  unknown o r ig in ,  some 
d isc r e p a n c ie s  ocour when th e  "average" E i s  u sed , and in  
order to  e lim in a te  th e s e ,  Zerban and S a t t le r  (F . a. S . 1926) 
worked out a method d isp e n s in g  w ith  fa c t o r s  a l to g e t h e r ,  and  
c a lc u la te d  ash  from the form ula
Ash per c e n t .  = 0 .00001757  x  (9 .1 3  E + 1935 -  E, ) 
where K * c o n d u c t iv ity  o f  sugar s o lu t io n  a s  d escr ib ed  
above, and Ki e c o n d u c t iv ity  o f  sugar s o lu t io n  in  a c id  
s o lu t io n .
For th e  a c id  c o n d u c t iv ity , 200 c c .  o f  th e  o r ig in a l
o
5 B r ix  s o lu t io n  are  c a r e f u l ly  mixed w ith  e x a c t ly  5 c c .  N/4 HC1, 
and the c o n d u c t iv ity  i s  determ ined .
(In  the above eq u ation  1757 r e p r e se n ts  E fo r  Cuban sugars  
x 100 \
The a p p lic a t io n  o f  s im ila r  methods to  the d e term in a tio n  o f  
ash  in  m olasses and r e f in e r y  syrups i s  due m ain ly  to  Zerban 
and S a t t l e r  o f  the New York Sugar Trade la b o r a to r y , where 
work in  t h i s  f i e l d  i s  r ep o rted  in  F . a  S . 1926 , 1928; In d . and 
Eng. Chem. 1930, V .I .  and I I ,  1931, Y .I I I ,  1932 .
In a paper read b e fo re  Am. Chem. Soc. (D iv is io n  o f  Sugar 
Chem istry) 1930, th ey  r e fe r r e d  to  th e  v a r ia t io n s  in  the r a t io  
th e  (C -r a tio )  due to  g eo g ra p h ica l d if fe r e n c e  in
Conductance
th e  so u rces o f  supply o f  the raw m a te r ia ls  and rep o rted  the  
developm ent o f a form ula as a r e s u l t  o f s t a t i s t i c a l  a n a ly s is
by Lojfge o f  Columbia U n iv e r s ity ,  o f  a number o f  c o n d u c t iv ity  
d e ter m in a tio n s , from which
Per c e n t ,  ash  = 0 .0191369 K -  0 .002249 K -  0 .001210  K + 3.C7
** 3
where K 5 ,  Sp. conductance o f  th e  s o lu t io n  * io6
K , r fT 11 " " ,f -to  which 5 o o .U /4
KoH
has been  added per 200 c c .  s o lu t io n .
K 3 r Sp. Conductance o f  the s o lu t io n  to  which 5 c c .
normal orth ophosphoric a c id  has been added.
In  1932 (In d . and Eng. Chem. p g .4 3 5 ) th e se  workers put
forw ard y e t  another eq u a tio n .
Ash per c e n t .*  0 .01556  K -  0 .001125 K* -  0 .000623  Ka
-  0 .000219 K, + 3 .0 8 3
6
where K -  Sp. conductance o f  th e  s o lu t io n  *
K 1 ,  n  "  u  tt it 5 C C .
U/4 HC1 has been added per 200 c c .  S o lu t io n .
K „ Sp. Conductance o f  th e  s o lu t io n  to  w hich 5 e c .
]j/4 KoH has been added per 200 c c .  S o lu t io n .
K . Sp. Conductance o f  the s o lu t io n  to  which 5 c e .
normal orthophosphoric a c id  has been added per  
200 c c .  o f  S o lu t io n .
In  th e  work c a r r ie d  out in  t h i s  P a r t , th e  d e term in a tio n  
o f  ash  in  the ca se  o f  each sample o f  m o lasses was made by th e  
double su lp h ated  ash m eth od ^ y conductom etrio  means u s in g  t h i s  
unw ieldy form ula o f Zerban and S a t t l e r ,  as g iv en  above.
3 n o <.
One example i s  g iv e n  here to  shew th e  method:
Sample* E a ta l M olasses*
C e ll c o n sta n t 0*119 a t  2 0 PC*
Sp. Cond. o f  w ater used 4*0 x  10
25 gms* o f  m o lasses were d is s o lv e d  in  hot c o n d u c t iv ity  w ater , 
f i l t e r e d  through s i l k  (150 mesh) and made up to  250 c c .
50 cc* o f  t h i s  s o lu t io n  were d i lu te d  to  1 l i t r e ,  thu s g iv in g  
a c o n c e n tr a tio n  o f  0*5 gms. m o lasses per 100 cc*
Then
E * 151 ohms, fo r  m o lasses s o lu t io n
B* . 65 " (200oc " " •+• 5 ° c .  ff/4  HC1)
Bt 5 76 " " " " " + 5 o c . E /4  KoH
Bj = 67 " " |» n n + 5 o o . E . H5P0^
K = 793
+6
K2 = 1927 where K - Sp. C o n d u ctiv ity  x  10  
K* *1562 
K3 * 1772
Per c e n t ,  ash  * 0 .01556 K -  .001125 Kx -  .000623 Kx -  .000219 Kb
+ 3 .0 8 3
«0 .01556  x  793 -  0 .001125 x  1927 -  0 .000623 x  1562 
-  0 .000219 x  1772 +*3.083
- 11 .89

In  v iew  o f  th e  ex trem ely  te d io u s  procedure and la b o r io u s  
c a lc u la t io n s  in v o lv e d , an attem pt was made by the author to  
s im p lify  b oth  the procedure and th e  c a lc u la t io n .
A fte r  a number o f  d eterm in ation s had been made, i t  was 
d ec id ed  to  c o n str u c t  a graph shew ing th e  r e la t io n  betw een  
S p e c i f ic  C o n d u ctiv ity  and Su lphated  Ash a s found by in c in e r a ­
t i o n s .
With ash  per c en t as a b s c is s a  and s p e c i f i c  c o n d u c t iv ity
W iien
as o r d in a te , th e  r e s u l t s  fo r  te n  sam ples were p lo t t e d ,  and 
a s t r a ig h t  l i n e  was found to  p ass rem arkably c lo s e  to  a l l  
th e s e  p o in ts  so p lo t t e d ,  making an an g le  o f  35° w ith  th e  
a b s c i s s a .
I t  thu s appeared th a t  a sim p le  r e la t io n  e x is t e d  betw een  
th e se  v a lu e s  and t h i s  was worked out from th e  eq u a tio n  o f  
the graph
Y * ax -  b
from which x - .y  + b y  * b = y  + b
a tan  35° 07TU02
44
Ash per c e n t . -  (S p .C o n d u ctiv ity  + .0 0 0 0 7 3 ) x  10
0^70&B
r (Sp.C on d u ctiv ity  -V.000073) x  14383  
s (Sp.C o n d u ctiv ity  x  14383) "t* 1 .0 3 8
A ll  th e  sam ples a v a i la b le  to  the author wwre t e s t e d  by th e
th r e e  m ethods, nam ely, double su lp h a tio n  and in c in e r a t io n ,  
e le c t r o m e t r ie a l ly  by Zerban and S a t t l e r ' s  method and a ls o  
by u s in g  th e  form ula d evelop ed  as above fo r  a c o n c e n tr a tio n  
o f  5 gms. o f  m olasses in  1 l i t r e  o f  water*
The r e s u l t s  are  ta b u la te d  on page and shew
th a t  fo r  cane m o lasses th e  f ig u r e s  o b ta in ed  by th e  new 
method, when compared w ith  th o se  fo r  su lp h a ted  a sh , are in  
as c lo s e  agreem ent as th o se  o b ta in ed  by Zerbanfs method.
The d if fe r e n c e s  betw een the two e le c tr o m e tr ic  methods 
and th e  in c in e r a t io n  method are s e t  out in  th e  t a b le ,  from  
which i t  w i l l  be seen  th a t  n e ith e r  eq u ation  i s  s u i t a b le  fo r  
b e e t  m o la sse s , but* the new form ula g iv e s  v ery  s a t i s f a c t o r y  
r e s u lt s *  In  on ly  one c a s e , w ith  A ntigua m o la sse s , was th e  
d if fe r e n c e  a t  a l l  a p p rec iab le*
I t  has th e  advantage over Zerban1s method, o f  s im p l ic i t y  
and r a p id ity *  The d eterm in ation  can be com pleted  in  tw enty  
m inutes and r e q u ir e s  n e ith e r  s p e c ia l  s o lu t io n s  nor s k i l l  in  
m a n ip u la tio n .
Per c e n t .
Per c e n t .  Conduct-
Per C ent. E le c tr o -  Sp.Con- t i v i t y
Su lph ated  m etric  ash  D i f f e r -  d u c t iv i t y  Ash.Hew D i f f -
No. M o la sse s . Ash x  0 .9  (Z erban). e n c e . x  10s Formula erence
a b (a -h ) c d (a -d )
1 A n tigu a 9 .6 4 1 0 .0 7 -0 .4 3 64 9 .7 1 0 .3 0 -0 .6 6
2 Cuba 8 .9 9 8 .8 6 + 0 .13 5 6 2 .8 9 .0 6 o.o1
3 E gyp tian 1 3 .4 1 1 3 .1 0 + 0 .31 8 4 5 .0 13 .09 -0 .3 2
4 H awaiian I 1 4 .6 4 1 4 .5 5 +0.09 9 6 7 .2 1 4 .8 2 -0 .1 8
5 n xx 1 2 .5E 1 2 .6 9 -0 .1 7 8 3 3 .5 1 2 .9 1 -0 .3 9
6 H onolulu 1 5 .0 5 1 5 .28 -0 .2 3 9 9 7 .7 1 5 .2 7 -0 .2 2
7 Java I 1 0 .3 5 1 0 .8 1 -0 .4 6 6 3 9 .3 1 0 .1 6 + 0.19
8 " I I 1 0 .8 6 1 1 .1 4 -0 .2 8 662 .4 1 0 .4 9 + 0.37
9 R a ta l 1 1 .9 8 11 .89 +0.09 794 .2 1 2 .3 5 -0 .3 7
10 P h ilip p in e 6 .2 8 5 .7 8 + 0.50 3 6 4 .5 6 .2 3 + 0.05
11 R e fin er y  I 7 .9 6 7 .91 + 0 .05 515 .9 8 .3 9 - 0 .4 3
IE " I I 8 .4S
CDCD.CD -0 .4 6 5 3 8 .3 8 .7 1 -0 .2 9
13 " I I I 9 .5 8 9 .4 6 + 0.12 600 .7 9 .6 1 -0 .0 3
14 n x y 8 .8 4 9 .4 1 -0 .5 7 5 6 3 .7 9 .0 8 -0 .2 4
15 West In d ie s 9 .7 5 9 .3 5 + 0 .40 615 .5 9 .8 2 -0 .0 7
16 Cupar B eet I 10 .42 1 1 .6 -1 .1 8 6 8 0 .3 1 0 .7 5 -0 .3 3
17 Cupar ” I I 9 .7 0 667 .9 1 0 .5 7 -0 .8 7
18 E ly  B eet 7 .48 5 8 7 .4 9 .4 1 -1 .9 3  !
19 Peterborough 9 .5 6 6 5 0 .0 1 0 .4 8 - 0 .9 2
s o Old B eet 9 .5 0 614 .3 9 .8 0 -0 .3 0
SUMMARY, PART I I I .
3?he author subm its to  the Sugar in d u s tr y  a new 
eq u a tio n  s u i ta b le  fo r  th e  ra p id  d eterm in a tio n  by e le c tr o m e tr ic  
means, o f  th e  ash  c o n ten ts  o f  cane and r e f in e r y  m o lasses
Ash per c e n t . ^ (S p ec ific  c o n d u c t iv ity  x  14282) -+ 1 .0 2 8
He b e l ie v e s  th a t  th e  s im p l ic i t y  o f  th e  procedure and o f  
th e  c a lc u la t io n  shew a c o n s id er a b le  advance on form er methods 
and he i s  c o n f id e n t  th a t  i t  w i l l  r e c e iv e  th e  c a r e fu l  a t t e n t io n  
o f  h is  c o lle a g u e s  in  the Sugar in d u s tr y .
S p e c ia l  acknowledgement i s  made o f  th e  c o l la b o r a t io n ,  
in  t h i s  p art o f  the w ork ,o f Mr. M. Mazumder, one o f  th e  
a u th o r ’s stu d e n ts  in  th e  School o f Sugar M anufacture.
Reprin ted  from the In te rna tiona l Sugar Journal, 1936, 38 , pp. 3 0 3 - 3 0 4
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The formula correlating ash with specific 









Per cent Chemical Ash
Fig. 1.
Journal,1 was developed primarily with the For 20°C.
object of expediting the examination of certain 
widely different samples of cane molasses then For 25°C.
under investigation. But the authors believe
1 P a g e  2 1 4 .
th a t the method would be also of considerable 
value for routine estimations in cane producing 
countries, if the equation 
were stated in a form suit­
able for use under the 
t e m p e r a t u r e  conditions 
usually encountered in the 
tropics.
With this in view, the 
work on the samples pre­
viously examined was con­
tinued and the specific 
conductivities were deter­
mined a t temperatures of 
20, 25, 30 and 35°C. As 
before, the “Salometer” was 
used. The cell was immersed 
for these experiments in a 
water-bath controlled a t the 
d e s i r e d  temperature by 
means of a sensitive electri­
cal thermo-regulator.
Graphs of Ash-Conduc- 
tivity  were then plotted, as 
is shown in Fig. 1. For 
each temperature a straight 
fine was obtained, and all 
the lines intersected at 
the point (1-25, 0). The 
equations for these fines 
are :—
Ash per cent. =
Sp. conductivity x  13900 +  1‘25 
Ash per cent. =
Sp. conductivity x  12580 -j- 1*25
For 30°C. Ash per cent. =
Sp. conductivity x 11260 + 1-25 
For 35°C. Ash per cent. =
Sp. conductivity x 10000 + 1-25 
I t  will be observed th a t the formula for 20°C. 
differs slightly from that previously reported, but 
the results obtained by their use agree closely 
with each other. The circumstance th a t the 
lines intersect a t a point enables the following 
general equation to be obtained :—
Ash per cent. =  Specific conductivity
X 13900 [1 — 0 019 (t — 20)] +  1-25,
where t is t'he temperature, and 0-019 is the 
temperature coefficient of conductivity.
This formula should be of considerable value 
as it can be used for any temperature in the 
range 20 to 35°C.
Table I showing the experimental results 
obtained by calculating with the general formula 
indicates the accuracy of the latter. To facilitate 
and expedite routine estimations and control, a 
simple table can be constructed which will show 
directly the percentage of ash for the different 
values of specific conductivity a t a stated 
temperature.
T a b l e  I .
E x p e r i m e n t a l  R e s u l t s  u s t n g  t h e  G e n e r a l  F o r m u l a .
Per cent.
Origin of Chemical , Per cent. Conductometric Ash ,
Molasses Ash at 20° C at 25’ C at 30° 0 at 35° 0
Hawaii 1   15-05 . . 15-12 . . 15-18 . . 14-89 . . 14-56
„ II    14-64 . . 14-70 . . 14-73 . . 14-63 . . 14-29
Natal   11-98 . .  12-29 . .  12-16 . .  12-09 . .  11-84
Java I  10-35 . . 10-14 . .  10-15 . . 10-10 . . 9-87
Philippine   6-28 . . 6-31 . . 6-37 . . 6-28 . . 6-12
Cuba 1   8-99 . .  9-07 . .  9-42 . .  9-27 . .  9-04
Refinery I   7-96 . . 8-42 . . —  . . —  . . —
A n t ig u a . 10-12 . .  10-28 . . 10-17 . . 9-99 . . 9-96
Hawaii I I I _ 12-52 . . 12-83 . . 13-06 . . 12-93 . . 12-79
Java II  ............. 10-86 . .  10-46 . . 10-39 . . 10-35 . . 10-12
Refinery I I   8-42 . . 8-73 . . 8-74 . . 8-65 . . 8-40
III  . . 9-58 . . 9-60 . . 8-88 . . 8-97 . . 8-75
IV . . 8-84 . . 9-08 . .  8-71 . . 8-80 8-37
West Indies . .  9-75 . .  9-80 . . 9-66 . . 9-68 . . 9-46
E g y p t .....  13-41 . . 12-99 . . 12-81 . . 13-52 . . 12-34
Mixed I   10-12 . . 10-33 . . 10-27 . . 10-09 . . 9-87
„ II   10-34 . . 10-21 . . —  . . —  . . —
„ II I  ___  10-98 . . 10-99 . .  11-13 . .  10-91 . . 10-54
Hawaii I V _ 14-62 . . 14-21 . .  14-74 . . 14-63 . . 14-19
Cuba I I    9-79 9-42 . .  9-73 . .  9-71 . .  9-45
Unknown I  . .  8-78 . .  8-24 . .  8-32 . .  8-29 . .  8-15
I I  . .  8-33 . .  8-05 . .  8-03 . .  8-06 . .  7-79
Barbados I  . .  9-83 . .  10-56 . .  10-52 . . 10-19 . .  10-15
II  . . 10-02 . . 10-76 . .  10-76 . . 10-51 . .  10-27
ADDENDUM TO PART I. OF THESIS 
"THE TESTING OF MOLASSES"
PAY IE LEVER.
A ll the g ra v im etr ic  e s t im a tio n s  rep o rted  in  P art I .  o f  
th e  t h e s i s  were c a r r ie d  out by th e  a u th o r , when th e  
d i s t i l l a t i o n  t e s t s  were b e in g  c a r r ie d  o u t, th e  dangerous 
nature o f  some o f  th e  l iq u id s  and th e  f a c t  th a t  read in gs  
had to  be taken every  hour over lon g  p er io d s made i t  
n ecessa ry  to  have a r e l i e f  w orker. A ss is ta n c e  in  t h i s  
con n ectio n  was g iv en  by a stu d en t in  th e  a u th o r fs la b ­
o r a to r y .
The a n a ly s is  o f  cane m o la sse s , reproduced on page 4 o f  th e  
t h e s i s  "The T e stin g  o f  M olasses" , i s  s ta te d  by Spencer to  have 
been condensed from a la r g e  number o f  a n a ly se s  made a t  the  
L ou is ian a  E xperim ental S ta t io n . That th e  r e s u l t s  have been  
" a d ju sted ” i s  obviou s from th e  f a c t  th a t  a t o t a l  o f  1 0 0 .0 0  per  
c e n t ,  i s  shown, a lth ou gh  none o f  th e  c o n s t i tu e n t s  i s  o b ta in ed  
by d if fe r e n c e  and th ere  i s  no undeterm ined m a tter .
S p en cer 's  sta tem en t o f  com p osition  s e r v e s , however, to  
i l l u s t r a t e  th e  com p lex ity  o f  the su b sta n ce , but i t  does n o t  
in d ic a te  th a t i t  co n ta in s  some components whose com p osition  i s  
q u ite  unknown. N oel D eerr, one o f  th e  w o r ld 's  le a d in g  sugar  
t e c h n o lo g is t s ,  s t a t e s  th a t  he regards i t  as an " in d e f in i t e  
m ixture" .
A la r g e  number o f  organ ic  non -su gars i s  found in  m o la sse s . 
Some o f  th e se  o r ig in a te  in  th e  cane or b e e t ,  and are ex p ressed  
or d if fu s e d  in to  the j u ic e ,  but many o f  them are produced  
during th e  p r o c e sse s  o f  c l a r i f i c a t i o n  and c r y s t a l l i z a t i o n  o f  
th e  sugar l iq u o r s .
The f i r s t  s te p  in  the d e fe c a t io n  o f  th e  raw ju ic e  i s  th e  
a d d it io n  o f  m ilk  o f  lim e , which has th e  e f f e c t  o f  n e u tr a l iz in g  
th e  n a tu ra l a e id i t y  o f  th e  j u ic e ,  p r e c ip it a t in g  th e  phosphoric  
a c id  as the in s o lu b le  phosphate, and which forms ca lciu m  s a l t s  
o f  the organ ic  a c id s  o r ig in a l ly  p r e se n t . The subsequent b o i l in g  
o f  th e  liq u o r  fr e q u e n tly  a id s  th e  decom p osition  o f  th e  g lu c o se
even a t  t h i s  s ta g e^ in to . p r in c ip a l ly  organ ic  a c id s .
In  th e  m anufacture o f  w h ite  sugar a t  th e  p la n ta t io n , a con­
s id e r a b le  e x c e ss  o f  lim e i s  used , and b e fo r e  th e  lim ed  ju ic e  
can be b o i le d  t h i s  e x c e ss  has to  be removed. This i s  e f f e c t e d  
by p a ss in g  in  carbon d io x id e , in  th e  C arbonatation  p r o c e ss , or 
su lphur d io x id e , in  th e  S u lp h ita t io n  p r o c e s s . During th e  p a s s ­
age o f  th e  g a s , th e  tem perature must be c o n tr o lle d  a t  about 
60# C, in  th e  ca se  o f  cane ju ie e ,  o th erw ise  d e s tr u c t io n  o f  the  
organ ic  m atters by the combined a c t io n  o f  the lim e and h eat  
ta k es  p la c e .I n  t h i s  e v e n t, humic a c id , a c e t ic  a c id , form ic a c id ,  
carb on ic  a c id  and a p o g lu c in ic  a c id  are form ed.
The e x c e ss  o f  lim e employed r e s u l t s  in  th e  form ation  o f  
sa c o h a r a tes  and g lu c o s a te s  o f  ca lc iu m . The former are more s t a b le  
than  th e  l a t t e r  which do n ot c r y s t a l l i z e  and which decompose
r e a d ily  a t  about 5 0 °C. The e f f e c t  o f  the gas i s  as f o l lo w s : -
c * .o  + eo x c ^ o „  +  C*ac° i
CbH-°< .' Ca- °  +  CS >  * C (,h„.o4 +
SOx Cm*
A fte r  the a p p lic a t io n  o f  the g a s , th e  l iq u o r  i s  b o i le d .
D ecom position o f  the sugars p resen t cannot w h o lly  be a v o id ed .
Some o f  th e  sa ech a ra tes  and g lu c o sa te s  are n ot broken up as
shown above,and th e  h ea tin g  cau ses complex decom p osition s to
occu r, w h ile  o th er  compounds are formed in  th e  ju ic e  consequent
upon the a d d it io n  o f  the a c id  g a s .
The tr e a te d  l iq u o r s  are then  s e t t l e d  or f i l t e r e d ,  and are n ex t
co n cen tra ted  in  m u lt ip le  e f f e c t  evap orators under g r a d u a lly  dim- 
i s h in g  p ressu re  which v a r ie s  from a s l i g h t  p ressu re  in  th e  f i r s t  j
v e s s e l  to  about 27" o f  vacuum in  th e  l a s t  v e s s e l*  During th e  p a s s -  !
age o f  the ju ic e  through th e  ev a p o ra tin g  system , many complex  
r e a c t io n s  occur* C erta in  su b sta n ces  which are  s o lu b le  in  the th in  
l iq u o r  in  the f i r s t  v e s s e l  are p r e c ip ita te d  a t  the low er b o i l in g  
tem peratures e x is ^ t in g  in  the su cceed in g  v e s s e l s ,  w h ile  the con­
c e n tr a te d  syrup in  th e  l a s t  body, wher the su cro se  c o n ten t i s  
betw een 50 and 60 per c e n t* , d is s o lv e s  some o f  th e  p r e c ip ita te d  
m a tters which would be in s o lu b le  or o n ly  s l i g h t l y  so lu b le  in  
w ater a t  th a t  te p p e r a tu r e .
In a d d it io n , th e  a c t io n  o f  lim e and heat on th e  n itro g en o u s | 
su b sta n ces  o r ig in a l ly  p resen t in  the ju ic e  forms ammonia, and
l i j
t h i s  g iv e s  r i s e  to  c e r ta in  compounds which are in c lu d ed  under th e  |l
g e n e ra l heading o f  ”amino compounds". Complex r e a c t io n s ,  in v e s -  j
t ig a t e d  by Browne in  L o u is ia n a , occur during the p ro cess  o f  manufac­
tu r e , betw een the amino compounds and the red u cin g  su gars o f  the  
cane j u ic e .
A ll  th e  s o lu b le  su b stan ces o th er  than th e  su gars which are  
found in  th e  th ic k  ju ic e  le a v in g  the ev a p o ra to rs, to g e th e r  w ith  
some o f  the in s o lu b le  m atters c a r r ie d  over w ith  th e  l iq u o r , p ass  
through the rem ainder o f  the p r o c e ss , which has fo r  i t s  o b je c t  th e  
rem oval o f  the su crose  in  a c r y s t a l l in e  form , and they f i n a l l y
rem ain in  the m o la sse s .
The d i f f i c u l t y  o f  a n a ly s in g  such a m a ter ia l as t h i s  f in a l :  /
m olasses w i l l  be r e a d ily  a p p r e c ia te d . I t  cannot be sy n th e s iz e d  
in  such a manner as to  en ab le  one to  know i t s  w ater co n ten t w ith  
s u f f i c i e n t  accu racy  to  se rv e  as a stan dard  fo r  judging the  
e f f i c i e n c y  o f  the v a r io u s methods employed fo r  e s t im a tin g  w ater  
in  m o la sse s . M oreover, a sim p le  m ixture o f  su gars and s a l t s  can* 
n ot be co n sid er ed  to  be s im ila r  in  any way to  th e  in d e f in i t e  
m ixture o f  su b sta n ces  which are found in  m o la sse s , and which  
have undergone, in  i t s  form ation , so many complex ch an ges.
The rem arkable d i f f i c u l t i e s  encountered  in  th e  in v e s t ig a t ­
io n  o f  m o lasses are s e t  out by Dr. C.A.Browne o f  the Bureau o f  
Chem istry and S o i l s ,  W ashington, U .S .A . in  Ind . and Eng. Chem. 
1929, pg . 601 . He g iv e s  an account o f  th e  com plex su b sta n ces  
i s o la t e d ,  n o ta b ly  " g lu c ic  a c id " . This u n sta b le  su b stan ce  was 
f i r s t  examined by P e l ig o t  and named by Dumas. I t  i s  s ta t e d  to
decompose suddenly in to  carbon d io x id e , form ic , a c e t i c ,  apo-
g lu c io  and humic a c id s ,  as w e ll  a s" oth er  u n reco g n isa b le  v o l a t i l e  
su b sta n ces  o f  a c r id  odour". Browne, a f t e r  rev iew in g  th e  r e se a r c h ­
es on t h i s  s u b je c t , says th a t  the su b sta n ces  which were c a l le d  
" g lu c ic  acid"  and examined by th e  v a r io u s  in v e s t ig a t o r s ,  were 
fo r  th e  most p art v a r ia b le  m ixtures o f  u n id e n t if ie d  compounds, 
and th a t  th ey  v a r ie d  g r e a t ly  in  p r o p e r tie s  and co m p o sitio n . 
Browne, ( l o c .  c i t . ) ,  s t a t e s  th a t  on d i s t i l l i n g  in  a cu rren t o f  
steam  some sam ples o f  m olasses th a t had been s to r e d  fo r  some 
tim e , sm all q u a n t it ie s  o f  CO were o b ta in ed , and from the
d i s t i l l a t e s ,  which were a c id , he i s o la t e d  a c e t ic  and form ic acids< j!
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Hoel l e e r r  (Cane Sugar pg. 4 9 9 ) , m entions CO as b e in g  d is s o lv e d
2
in  m o la sse s . The p r e se n t author shows on page 149 o f  h is  t h e s i s
th a t  CO was o b ta in ed  on h ea tin g  m o lasses a t  100°C ., and on pages 
2
89 , 93 and 97 th a t th e  d i s t i l l a t e s  o b ta in ed  when d i s t i l l i n g  
cane m o la sses w ith  a c id  fr e e  to lu en e  were a c id .
I t  i s  h is  o p in io n ,(a n  o p in io n  now sh ared  by most sugar  
o h e m is ts ) , that th e  complex c o n s t i tu e n t s  o f  m o lasses when heated  
even below  70 C ., decompose and g iv e  o f f  w ater as one o f  th e  prod­
u c ts  o f  decom p osition; CO i s  an o th er .
2
The fo r e g o in g  sta tem en ts show why i t  i s  im p o ss ib le  to  
determ ine th e  tru e  w ater c o n ten t o f  m o la sse s .
Van der l in d e n ,( A r e h ie f .  1 9 1 7 ), in  su g g e s t in g  p o s s ib le  methods 
fo r  th e  e s t im a tio n , s ta t e d  th a t  the problem a t  th a t  tim e was s t i l l  
u n so lv e d .
Uoel l e e r r d o c .  c i t . ) ,  s a y s : -  ” the d ir e c t  d eterm in ation  o f  
w ater i s  made by th e  ex p u ls io n  o f  th e  w ater as vapour a t  a 
tem perature equal t o ,  or above, th e  b o i l in g  p o in t  a t  th e  p ressu re  
a t  which th e  d eterm in ation  i s  m ade.. The accuracy o f  th e  d e te r ­
m in ation  depends on w ater b e in g  th e  o n ly  m a ter ia l e x p e lle d , and 
i s  v i t i a t e d  by the presen ce  o f  o th er  v o l a t i l e  b o d ies  such a s f
a c e t ic  a c id  and even carbon d io x id e  which i s  o f te n  found to  a j 
c o n s id er a b le  e x te n t  in  m o la s s e s .”
Spencer,(Handbook pg. 2 6 0 ) , s t a t e s : -  ”The d eterm in ation  o f  
th e  t o t a l  s o l id s  and m oisture in  su gar-house m a te r ia ls  i s  one 
o f  th e  most u n s a t is fa c to r y  t e s t s  the Chemist i s  c a l le d  upon to
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make. This i s  due to  th e  ready d ecom p osition  o f  s e v e r a l o f  th e  
c o n s t i tu e n t s ,  and under some c o n d it io n s  to  t h e ir  tendency to  
occlu d e  m o is tu r e .”
Sugar Chem ists have n ot y e t  reached a d e c is io n  as to  the  
d e f in i t io n  o f  "w ater” in  m o la sse s . Because o f  t h i s ,  th e  
A s s o c ia t io n  o f  Hawaiian Sugar T e c h n o lo g is ts  recommends drying  
fo r  a d e f in i t e  p e r io d  and reco rd in g  th e  " lo ss  in  w eigh t o f  the  
sam ple". Dr. R .T .B a lch , o f  th e  Bureau o f  Chem istry and S o i l s ,  
U .S. D ept, o f  A g r ic u ltu r e , in  a communication to  th e  In te r n a t­
io n a l Commission, c o n s id er s  th a t  th e  sample sh ou ld  he regarded  
a s made up o f  a " s o l id  phase" and a " n o n -so lid  phase" . The 
l a t t e r  would in c lu d e  a l l  v o l a t i l e  m atter a t  the tem perature o f  
d ry in g , and sh ou ld  he accounted  fo r  as "water".
The auth or, in  h id  t h e s i s ,  h e s ita te d  to  dogm atize as to  
which method gave r e s u l t s  n earer the "correct"  one, s in c e  th e
"correct"  one cannot he a n a ly t i c a l ly  a s c e r ta in e d . He regarded
d
h is  exp erim en ta l work more as ev id en ce  to  he aduced fo r  or 
a g a in s t  th e  v a r io u s  methods employed in  th e  in d u stry  when 
d is c u s s io n s  were to  he h e ld  among In te r n a t io n a l sugar ch em ists  
as to  the ad op tion  o f  one o f  th eae  methods as stan d ard . Had i t  
heen p o s s ib le  to  prepare an " a r t i f i c ia l"  m o lasses o f  known 
w ater c o n te n t , the problem would have p resen ted  l i t t l e  d i f f i ­
c u l t y ,  hut th e  p rep a ra tio n  o f  an a r t i f i c i a l  m o lasses i s  p re­
c i s e l y  th e  q u e s tio n  whose s o lu t io n  has so fa r  evaded th ose  pro­
f e s s i o n a l l y  in t e r e s t e d .
B asin g  h is  o p in io n  on the experim en ta l p ro o fs  th a t s o lu t io n s
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o f  su c r o se , d ex tro se  and le v u lo s e  can be d r ied  co m p le te ly  and 
w ith ou t d ecom p osition  a t  a tem perature o f  70* C in  vacuo, but 
not a t  1 0 0  c .  under ord inary  p r e ssu r e , th e  author makes the  
fo llo w in g  recommendation
" The drying o f  th e  sample o f  m o lasses fo r  th e  d eterm in ation
0
o f  th e  w ater co n ten t sh ou ld  be c a r r ie d  out a t  70 C. under a 
vacuum o f  60 e .m . , fo r  a p er io d  o f  f i v e  hou rs. A cu rren t o f  dry 
a ir  sh ou ld  be drawn through the oven during the whole p e r io d .
The q u a n tity  o f  sample to  be taken  sh ou ld  be about 2 gms. weighed  
on to  10 gms. o f  the prepared sand, and d i lu te d  w ith  2 c . c .  o f  
w ater to  ensure thorough m ix in g . S in ce  th e  area  o f  th e  su r fa c e  
o f  the sam ple exposed in f lu e n c e s  the r e s u l t s  o b ta in ed , a standard  
s i z e  o f  a i r t ig h t  d ish  sh ou ld  be used , s u i ta b le  d im ensions b e in g  
65 mm. diam. x  35 mm. h ig h .
The lo s s  in  w eigh t sh ou ld  be regarded  fo r  in d u s tr ia l  
a n a ly t ic a l  purposes as ” w a ter” .
8.
I n v e s t ig a t io n  o f  pH. v a lu e  o f  d i s t i l l a t e s  o b ta in ed  
by th e  Toluene d i s t i l l a t i o n  method.
During th e  i n i t i a l  experim ents on the d eterm in ation  o f  th e  
w ater co n ten t o f  sugar s o lu t io n s  by d i s t i l l a t i o n  w ith  to lu e n e ,  
th e  low  pH o f  th e  d i s t i l l a t e s  was a rem arkable fe a tu r e  which  
was n ot in v e s t ig a te d  a t  th e  tim e, fu r th e r  than th orough ly  
t e s t in g  th e  sam ple o f  to lu e n e  u sed . This was found to  be 
a b s o lu te ly  a c id  f r e e .
The q u e s tio n  was taken up a ga in  a t  a l a t e r  d a te , and had 
r a th e r  an in t e r e s t in g  c o n c lu s io n .
A 25 per c e n t ,  s o lu t io n  o f  pure su cro se  in  d i s t i l l e d  w ater  
was prepared , and i t s  pH, as determ ined by the ca lom el e le c tr o d e ,  
was found to  be 5 .8  .Some o f  t h i s  s o lu t io n  was b o i le d  under a 
r e f lu x  condenser fo r  th ree  hours, a f t e r  which p e r io d  th e  pH was 
a g a in  t e s t e d  and was observed  to  have dropped s l i g h t l y  to  5 .4  . 
The s o lu t io n  was found to  have been in v e r te d  to  a sm a ll e x te n t .
EO o c . o f  th e  o r ig in a l  s o lu t io n  was n ex t b o i le d  under th e  same 
c o n d it io n s  w ith  100 c e .  o f  pure to lu e n e . The s o lu t io n  was se p ­
a ra ted  o f f  and i t s  pH. t e s t e d .  The same drop in  v a lu e , v i z .  0 .4  
was found. No p e r c e p t ib le  d is c o lo u r a t io n  o f  the s o lu t io n  took  
p la c e .
10 o c . o f  the o r ig in a l  su crose  s o lu t io n  was th en  d i s t i l l e d  
in  B id w ell & S t e r l in g 's  apparatus w ith  100 c c .  to lu e n e , th e  
tem perature o f  the o i l  bath  b e in g  m aintained  a t  14 0 °C, as des~
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-c r ib e d  on page 64 o f  th e  t h e s i s .  A fte r  a p er io d  o f  th ree  
hours th e  d i s t i l l a t e  was examined and i t s  pH was found to  
he 3 .2  • The r e s id u a l  su gar, however, was observed  to  be
s l i g h t l y  d is c o lo u r e d . I t  was sep a ra ted  and d is s o lv e d  in  
d i s t i l l e d  w a ter . This aqueous s o lu t io n 1had a y e llo w is h  t i n t ,  
and a pH. o f  3 .6
I t  appeared to  be th e  ea se  th a t  th e  prolonged  b o i l in g  o f  
th e  su cro se  s o lu t io n ,  e s p e c ia l ly  towards the end o f  the d i s ­
t i l l a t i o n ,  caused  a s l i g h t  o a r a m e liz a tio n  o f  th e  su gar, and 
th a t  th e  low pH. v a lu e s  were due to  th e  a c id s  produced by 
t h i s  d ecom p osition .
"Caramel” i s  th e  term used to denote the in d e f in i t e  
r e s id u e  o f  th e  decom p osition  o f  su cro se  by m oist h e a t . The 
su b stan ce  i s  w id e ly  used in  the fo o d s tu f f s  and o th er  in d u s­
t r i e s  as a c o lo u r in g  a g e n t, but in  sugar m anufacture i t s  
p resen ce i s  most u n d e s ir a b le . A lthough i t s  com p osition  i s  
u n c e r ta in , i t  i s  known th a t a t  the o n se t  o f  th e  "burning o f  
th e  su gar, form ic , a c e t i c ,  humic and o th er  complex organ ic
a c id s  are produced, and CO a ls o  i s  e v o lv e d . O aram elization
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fo r  in d u s tr ia l  purposes i s  c a r r ie d  out by "burning” the  
sugarfand o th er  in g r e d ie n ts )  to  a c e r ta in  s ta g e ,  t h i s  s ta g e  
b ein g  dependent ofi th e  d e s ir e d  depth o f  th e  co lo u r  which i s  
ob ta in ed  when th e  burnt mass i s  d is s o lv e d  in  w ater or a lc o h o l .
To in v e s t ig a t e  the change in  pH. o f  th e  r e s id u e  due to  
th e  e x te n t  o f  the "burning", s i x  q u a n t it ie s  o f  ta b le  su gar,
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each w eigh in g  0 .4  gm ., were g e n t ly  heated  in  a p latinum  d ish  
to  d i f f e r e n t  s ta g e s  denoted hy the depth o f  c o lo u r  o f  th e  
r e s id u e s , which were a fterw ard s d is s o lv e d  in  d i s t i l l e d  w ater  
and made up to  100 oc# in  each case* The c o lo u rs  o f  th e  s i x  
s o lu t io n s  v a r ie d  from a y e llo w is h  t i n t ,  in  Ho. I .  to  a pro­
nounced brown in  Ho. V I. The pH v a lu e s  were determ ined as  
f o l lo w s :-
D i s t i l l e d  w ater used PH 5 .8
Ho. I s o lu t io n TT 3*7
" I I . IT IT 4 .0
" I I I . n TT 3 .7
" IV. TT IT 3 .7
11 V. rt IT 3 .7
" VI. it TT 3 .6
Prom th e se  o b ser v a tio n s  i t  appears th a t the pH* o f  the  
caram el i s  n ot a f f e c t e d  to  any a p p re c ia b le  e x te n t  by th e  degree  
o f  o a r a m e liz a tio n  to  which the sugar has been su b je c te d . Even a 
v e ry  s l i g h t  burning i s  s u f f i c i e n t  to  cause the c o n s id e r a b le  drop 
in  pH.
This i s  a p o in t which appears to  have escaped  the n o t ic e  o f  
sugar m anufacturers who use th e  pH. c o n tr o l fo r  th e ir  p r o c e ss .  
The form ation  o f  caramel cannot w h o lly  be avo id ed , and 
e f f e c t  o f  i t s  p resen ce  , in  v iew  o f  the above, may^cause a 
d istu rb a n ce  o f  th e  c o n tr o l .
In th e  case  o f  d i s t i l l a t i o n s  fo r  w ater d eterm in ation  u sin g
11.
to lu e n e , th e  v o l a t i l e  organ ic  a c id s  produced by even th e  s l i g h t  
dedom position  o f  th e  sugar are c o l le c t e d  in  th e  aqueous d i s ­
t i l l a t e s .  In th e  example quoted above, th e  p resen ce  o f  tr a c e s
u/as
o f  form ic and a c e t i c  a c id s  wave con firm ed .T h is accou n ts fo r  
th e  low  v a lu e  fo r  the pH.
